PEDIATRIC 
X-RAY DIAGNOSIS 

Volume 2 



A Textbook for Stndenh mid Practitioners 
of Pediatrics, Surgery icr Radiology 

CONTRIBUTING AUTHORS 

FREDERIC N. SILVERMAN, M.D 

Professor of PfJicirffi and Rodlolosy Ctneinnois College of Medicine 
Padiologitt and Attending Pediatrteian Children $ Hospital of Ciiicinnaii 

DAVID H. BAKER, M.D. 

PtofettoT of Podiology College of Physicians and Surgeons Columbia 
Vnitersttg Badiologtsi to the Babies Hospital New York City 

WALTER E. BERDON, M.D. 

Professor of Radiology College of Physicians and Surgeons Columbia 
Uniiersity Radiologist to the Babies Hospital Nfu/YorkCitv 

JOHN DORST, M.D. 

Professor of Radiology Johns Hopkins Unixersity Baltimore 

BERTRAM R GIRDANY, M.D. 

Professor of Radiotogy School of Medicine Uniiersity of Pittsburgh 
Radiologtst to the Children s Hospital of Pittsburgh 

FRED A. LEE, M.D 

Clinical Associate Professor of Radiology School of Medicine Unnersityof 
Caftfprnia Ra<{raIo9ist to ChiMrrn i Hospital Los Angeles 

CHARLES E. SHOPPNER, M D. 

Professor ef Radiology and Director of Radiologic Education and 
Director Division of Diagnostic Radiology University of Alabama Birmingham 


6th EDITION 



PEDIATRIC 
X-RAY DIAGNOSIS 


by 


JOHN CAFFEY 

A B , M D (M D , Hon , University of Torino, Italy) 

Visiting Profeszor of Radiology and Perfiairics School of Medicine 
Unnersity ofPittzburgh Roentgenologizt, Children s Hospital of 
Pittsburgh Professor Emeritus of Radiology College of Physicians 
and Surgeons Columbia University Consultant Radiologist 
Catuntbta Presbyterian Medical Center, New York City 


VOLUME 2 


YEAR BOOK MEDICAL PUBLISHERS 



INCORPORATED 


35 EAST WACKER DRIVE 


CHICAGO 




COPYRIGHT © 1945 1950 1956 1961 1967 and 1972 BY 
VEIAR BOOK MEDICAL PUBLISHERS INC 


All rights reserved No part of this publication may be reproduced stored 
In a retrieval system or transmilled In any form or by any means elec 
Ironic, mechanical phatocopylng recording or otherwise without prior 
written permission from the publisher 


Pwbliified 1945 
fiepnnted 1946 
Reined I9S0 
Revited, 1956 
fteviied 1961 
Reprinted 1969 
ftet'ised 1967 
Reprinted 1970 
Retired Notember 1972 
AeprlaieiLJanuarp 1972 

Library of Congress Catalog Card Number 76-162005 
Intematlonal Standard Book Number 0^15) 142^S 

PRINTED IN U SjS 




SECTION 5 

The Pelvis 


SECTION 6 

The Urinary 
Tract and 
Adrenal Glands 


Table of Contents 

VOLUME 2 


The PeMs 7^7 

Normal 7J7 

Roentgen Appearance 7jg 

Normal Variations 7jg 

Congenital Malformations 73 q 

Diseases of the Pelvis 74 q 

Intrinsic Generalized Skeletal Elystrophies 740 

Fractures of the Pelvis 743 

Jschjopubic Osteochondrosis Juven^hs 743 

OsteiQs of the Pelvic Bones 747 

Hypovitanunosis 747 

Coxa Vara and Coxa Valga 743 

The Urinary Tract 753 

Normal Anatomy 753 

Normal Roentgen Appearance 757 

Excretory Urography 758 

Cystography 766 

Retrograde Urography 768 

Special Examinations 769 

Congenital Malformations 77O 

Anomalies of the Kidneys 771 

Anomalies of the Renal Pelvis and Ureter 777 

Anomabes of the Bladder 782 

Anomabes of the Urethra 784 

Urinary Obstruction 785 

Eoentgen Appearance at Different Levels 785 

Other Conditions Associated with Gemtounnary Anomalies 793 

Urinary Calcub 795 

Trauma 798 

Urinary InfecUons 800 

Acute Infections 800 

Chrome and Recurrent Infections 801 

Neoplasms 805 


VI / 


TABLE OF CONTENTS 


SECTION 7 

The Genital Tract 


SECTION 8 

The Extremities 


The Adrenal Glands 

ftl 3 

Neoplasms 

816 

Adrenal InsuBJclency 

8i8 

The Genital Tract 

821 

Methods of Examination 

8ai 

Intersex 

8^3 

Vaginitis 

832 

Genital Tract Obstruction and Tumors 

833 

Gynecologic Aspects of Imperforate Anus (Ectopic Anus) 

835 

Bladder Exstrophy 

839 

The Soft Tissues 

« 4 r 

Inflammations 

849 

Neoplasms 

850 

Calcification 

8Sl 

Foreign Bodies 

853 

Interstitial Emphysema 

837 

Muscular Dystrophies 

838 

The Bones 

6>3 

Normal Structure 

8>3 

Rocntgenographic Appearance 

8>8 

Growth and Maturation 

8>9 

Primary Ossification Centers 

8>9 

Growth m Length 

83 1 

Secondary Ossification Centers 

83 l 

Constriction (Modeling) 

835 

Velocity of Growth and Development 

835 

Anatomic Variations > 

835 

Local 

835 

Multiple Cenerabzed and Scattered Normal Variants 

930 

Diseases of fione 

9^3 

Generalized Undeicalcification (Atrophy Rarefaction) 

934 

Generalized Overcalcification (Hypertrophy Sclerosis) 

9^5 

Focal Undeicalcification 

9^5 

Focal Overcalctficaiion 

9 ^ 

Constriction (Tubulation Modeling) 

9616 

Transverse Lines of Park (Stress Lines of Park) 

9^9 

Alterations in Growth and Development 

9>6 

Maturation of the Skeleton 

9?7 

Congenita] Alalfcnnaiions 

9?8 

Congenita] Intrmslc Dysplasias 

998 

The NLscellaneous Intnnsic Dwarfs 

lOTj 

Bone Lesions Due to Physical Agents 

1092 

Fractures 

1093 

Infections 

1192 

Avitaminoses 

122,2 

Hypervitaminosis 

1243 

Bone Tumors 

1249 



TABLE OF CONTENTS / VH 


Bone Changes with Diseases of the Blood and Blood 

Forming Organs 1279 

Skeletal Changes in the Endocnnopathies 1299 

Bone Changes in Diseases of the Central Nervous System 1317 

Bone Changes Associated with Cardiac Disease 1320 

Bone Changes Associated with Diseases of Ahmentary Tract 1320 

Bone Changes Assoaated with Respiratory Disease 1320 

Bone Changes Associated with Renal Disease 1321 

Bone Changes Associated with Cutaneous Disease 1322 

The Joints 1326 

Normal Anatomy 1326 

Normal Roentgen Appearance 1329 

Diseases of the Joints 1331 

Congemtal Malformations 1332 

Traumatic Changes 1332 

Infectious Arthnds 1333 

Bursids 1336 

Tuberculosis of Jomts 1336 

Rheumatic Fever 1337 

Leukemic Arthritis 1337 

Osteoanhnus (Hypertrophic Arthntis) 1338 

Rheumatoid Arthntis 1338 

Calci£cauon of Cartilage and Joints 1346 

Intecnuttent Hydrarthrosis 1348 

Cysts and Neoplasms 1348 


SECTION 9 

The Vertebral 
Column 


Normal Vertebral Column 
Anatomy 

Growth and Development 
Pnmary Ossification Centers 
Secondary Ossification Centers 
Roentgen Appearance 


13S1 

1351 

1352 

1353 

1354 

1355 


Congenital Disturbances 1358 

Malformations 1358 

Systemic Dysplasias 1369 

Achondroplasia 1369 

Mucopolysacchandoses 1369 

Osteogenesis Imperfecta 1370 

Osteopetrosis (Marble Bones) 1370 

Traumatic Lesions 1372 

Dislocations 1372 

Fractures 1372 

Traumatic Lesions in the Disks 1376 

Traumatic Disorders of Growth 1377 

Vertebra Plana (Calve) 1377 

Adolescent Kyphosis (Scheuermann Schmorl Disease) 1381 

Habitual Idiopathic Scohosis 1333 

Chrome Hypoxia 1 383 



Vm / TABLE OF CONTENTS 


CaIcKicatlon of Intervertebral Disks t3S5 

Diseases Involving Vertebrae 1387 

Infections 1387 

Noniuberculoua 1387 

Tuberculous Spondylitis 1387 

Rheumatoid Anhiitis 1391 

S>-philfs 1391 

Hypovltaminoses 1391 

Vitamin D 139l 

Vitamin C 139l 

Marginal Lines 1392 

Endocrine Disorders 1392 

Beuculosis 3393 

Hemolytic Anemias 1393 

Leukemia 1393 

Cysts 1395 

Neoplasms 1395 

Primary Lesions 1395 

Secondary Neoplasms 1395 

Tumors of the Spinal Cord 1395 


SEcrrOK to 
The Neonate and 
Young Infant 


Special Procedures In CNagnosIs 
Total Body Opacification 
Arteriography 
Lymphangiography 
Nuclear Medicine Isotopic Scanning 
Ultrasound 

Carbon Dioxide Contrast Studies 


13S9 

1399 

1403 

1419 

1422 

2431 

1431 


The Chest t«$ 

Radiographic Techmc 1436 

Factors Determining Fetal Lung Growth 1437 

The Newborn with Respiratory Distress I43S 

Surgical Conditions of the Newborn Chest 1459 

The Gastrointestinal Tract 1478 

The Fetal Gastrointestinal Tract 1478 

Gastrointestinal Tract in the First Hours of Life 1479 

Radiographic Evaluation of Newborns with 

GascraintesCinal Obstruction 1479 

Esophagus 1483 

Stomach 1492 

Duodenum 1495 

Small Bowel 1302 

Colon 1511 

Gallbladder, Bile Ducts, Uvec 1531 

The Genitourinary Tract 1539 

Renal Function in Fetus and Newborn 1539 

Uroradiologic Procedures 1542 

Genitourinary Causes of Abdominal Masses 1547 



TABLE OF CONTENTS / IX 


Hydronephrosis 1547 

Urethral Obstrucbon 1551 

Triad Syndrome ( Prune Belly or Eagle Barrett Syndrome) 1554 

Vaginal Obstruction 1556 

Vascular Disturbances of the Neonatal Kidney and Adrenal 1557 

Adrenal Hemorrhage and Calcifications 1559 

Renal and Adrenal Tumors 1561 

Renal Cystic Disease 2565 

Screening Intravenous Pyelogr^ns m Newborns ivith Anomahes 1570 


SECTION 11 Artifacts and Natural Misleading Images 1573 

Artifacts, Natural 
Misleading Images 

Index XI 


VOLUME 1 (Partial Contents) 


Section 1 THE HEAD AND NECK 
Section 2 THE THORAX 
Section 3 THE HEART 

Section 4 THE ABDOMEN AND GASTROINTESTINAL TRACT 



SECTION 5 

The Pelvis 



The Pelvis 


Notmal 

The abdomen and the true pelvis are separated by 
the plane of the pelvic inlet which Is determined by 
the promontory of the sacrum and the Ueopectmeal 
line The bony pelvic girdle consists of the sacrum 
and coccyx behind the arch of the pubes m front and 
the ischia the parts of the ilia below the lliopecuneal 
line and the pubic rami at the sides (Fig 5*1) 

The pelves of fetus, infant and child are conspicu 
ously small and funnel shaped, during the neonatal 
period the \ertical diameter is elongated m proportion 
to the lateral and sagittal diameters At birth the pel 
VIC inlet tends to be more circular than in older age 
periods, also, the acetabular cavities are relauvely 
larger and shallower and the obturator foramens are 
proporuonately smaller and situated nearer together 
The sacrum makes up a larger segment of the pelvic 
girdle during the first years and is situated higher in 
relation to the ilia than later The Infantile sacral 
promontory is less marked than in the adult There is 
little change m the pelvic shape until the infant as 
sumes the erect posture, when the sacrum descends 
between the ilia and the promontory becomes con 
spicuous Pelvic growth is rapid durmg the first two 
years after which growth is sloiv until puberty Post 
puberal growth is principally epiphyseal 
Anatomists claim that sexual differences m pelves 
can be recognized as early as the 4lh fetal month and 
are present at birth The differential prenatal sexual 
characteristics are lost durmg the early rapid growth 
of the first two years of posmatal life Reynolds found 
m a roentgen study of the pelvic girdle durmg the 1st 
year of life, that growth is most rapid from birth to 3 
months, growth curves of boys and girls ran parallel 
In boys the pelvic height was greater, the ilium broad 
er and the ischioibac space larger, girls showed great 
or bi ischial breadth pubis length sciaoc notch and 
relative inlet breadth The larger pelves were associ 
ated m boys, with earher appearance of the ossifica 
hon centers in the remamder of the skeleton and m 
both sexes, with earlier appearance of the first tooth 
During childhood males and females have almost 


(denticai pelves all are the anthropoid (dolichopelhc) 
type The major sexual features do not reappear until 
after puberty The time of appearance of the constant 
secondary epiphyseal centers is shown m Figure 5-2. 
Sometimes homologous centers on the two sides do 
not appear or fuse at exactly the same time, m cases 
of injury these umlateral normal secondary centers 
should not be mistaken for fracture fragments 

Pig 8 1 -Normal pelvis of e girl 10 years of age The three 
major bones of the pelvis are still ununited Cartilage covers the 
crest of the iitum the body and inferior ramus el the pubic 
bone and the body and descending ramus of the ischium These 
are the counterparts ot the ep physeal cartilages of the long tu 
buiar bones and secondary ossification centers appear in them 
dunng and after pubescence The subchondral edges of all of 
these bones ere not cortical walls but are provisional zonae of 
calcification similar to those in the melaphyses of the long 
bones (From Spaltehoiz } 
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In gills, the ossification centers In the crests of the 
ilia usually appear svithin six months of the onset of 
menstruation, it is possible that the beginning of ossl 
fication m the crests of the lha of boys represents an 
analogous level of gonadal maturation 

REFERENCE 

Reynolds E J The bony pelvic girdle in early Infancy A 
roentgenometnc study Am. J Phyi Anthropoi 3 331 
J945 

Roentgen Appearance 
Normal soft tissues —In frontal projecdons,over 
lapping of the buttocks may be responsible for a 
vertical spindle shaped shadow of increased density 
which is superimposed on the symphysis pubis at or 
near the midsagittal pelvic plane (Fig 5-3, A) Axial 
projecUon of the shaft and head of the perns results 
m a surpnsmgly heavy, rounded shadow (Fig. 5-3, B) 
ivhich may suggest to the inexperienced observer a 
metallic foreign body in the rectum or bladder or in 


trapelvic calcification Supenmposidon of the shadow 
of the perns on the bones of the pubic arch may give 
nse to shadows suggestive of loc^zed osteosclerosis 

Inconstant shadows of diminished density in the 
pelvis are cast by gas m the pelvic segments of the 
smal} intestine, colon and rectum Gas shadows su 
penmposed on the pelvic bones produce local areas of 
diminished density which must not be confused with 
bone defects or bone destruction Residual banum 
foreign bodies and fecahths in the appendix, colon 
and rectum all cast opaque pelvic shadows After 
excretory urography, residual contrast agent in the 
urinary channels may persist above the sites of ob- 
struction 

Abnormal soft tissues —As in other parts of the 
body, tumors cast shadows of mcreased density 
Dermoids and teratomas are not infrequently located 
in the buttocks The skeletal components of terato- 
mas cast opaque shadows Occasionally dermoids 
contain tissue and fluid with a high fat content which 
casts a large shadow of dmumshed density Plugs of 
air-contaimng materials inserted into the vagina as 
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Fig. S*3.— A, spindle-shaped shadow fil increased density in the midpelvic plane caused Py over- 
lapping buRocks. B, heavy circular shadow cast by the penis projected in the axial plane. 


menstrual absorbents cast a radiolucent Image of the 
distended vaginal lumen and sometimes deform the 
bladder (Fig. 54). Opaque urinary stones and opaque 
appendiceal fecaliths should be considered when 
small opaque images are encountered. Myositis ossifi- 
cans and intersUtlal calcinosis may be ^e source of 
opaque shadows derived from the pelvic walls. Calci- 
fying tuberculous lesions in the urogenital system 
and In the pelvic lymph nodes are also responsible for 
intrapelvlc opaque shadows. Pelvic phleboUths are 
rare in cMldren, but are occasionally seen in associa- 
tion with pelvic hemangiomas. 

REFERENCES 

Cross, R. E., el al.: Sacrococcygeal teratomas In infants and 
children, Surg., Gynec. & Obst 92:341, 1951. 

Palumbo. L. T., et al.: Sacrococcygeal teratomas: Review of 
the literature; report of a case In an adult containing a 
glomus. Ann. Surg. 133:421, 1951. 

Normal pelvic skeleton.— T he roentgen appear- 
ance of the normal pelvis is depicted in Figure 5-5. 


During pubescence the secondary centers, illustrated 
in Figure 5-2, appear. Detail of a normal secondary 
center in the ilium as seen on roentgen films is shown 
in Figure 5-6. 

Nbimal Variations 

Bands of increased density form at the sites of 
growth and endochondral bone formation in the flat 
bones of the pelvis. Just as they do in the long bones 
(Fig. 5-7); and they are produced by the same causa] 
mechanisms as the transverse bands and lines in the 
metapbyses of the gTo%ving long bones. 

The vascular markings in the ilium and ischium 
appear after the 3rd year and then may be conspicu- 
ous throughout childhood (Fig. 5-8); they should not 
be mistaken for destructive defects secondary to dis- 
ease. The apophyseal center in the crest of the ilial 
wing often develops from several ossification centers 
which simulate fracture fragments (Fig. 5-9). The 
normally thin segments of the ilia, directly above the 
rims of the acetabula, cast normal images of dimin- 


Fig. S-4.— Radiolucent image of the vaginal lumen cast by air 
in a vaginal plug of menstrual absorbenL 







Fig. S'S.-Normal roentgen appearance of the pelvis at 4 ffer 
ent ages A. at 3 months of age In a girl the ischiopubic syn* 
chonproses are «Mdely opened The symphysis pubis Is normally 
wide The ossilicaiion centers In the femoral epiphyses have not 
yet appeared B> at S years the Hia are still separated from the 
■schia and pubic bones but me tschiopubic synchondroses are 
almost completely closed the lateral masses of the sacrum have 


fused with their bodies the aeeiabula are proportionately smai'*^ 
and deeper than irt A C, at 14 years the innominate bone ia 
completely lused arrd secondary centers are now visible In |hs 
crests of the Ilia and in the inferior margins of the ischta (at* 
rows! A small paragienoid fossa Indents the top of each aciahe 
rtoich 


Fig 56— A normal secondaryepiphysea) centerlnlhecrestot 
the ilium of a g rl 12 years of age The edges of thestripl kecres 
tal center and the contiguous edge of the ilium are both normally 
irregular— often more irregular lhart in this normal pal ent B. 


apophyseal center on the interior ramus of the ischium of an 
asymptomatic girl 15 years of age The radiolucent strip betwyan 
the apophyseal new bone and the edge ot the ischium simulates 
afractureJine 
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F]g $ 7 —Phosphorus bands in the flat bones and long bones 
of the-pelvis and thighs This pat ent was given large doses of 
yellow metallic phosphorus for four times at intervals of several 
months Curved and straight phosphorus opaque bands have 
formed at all of the sites of cartilaginous growth and 
endochondral borte formation in a series of four corresponding 
to the four episodes of ingestion The velocity of growth can be 
measured by the d stances between the lines it is clear that 
growth of the ifiaf wings is much more rapid than growth of the 
base of the ilium and on the caudal edge of the ischium where 
the phosphorus bands are crowded together At this age the 
longitudinal growth ot the ilial wings approximates that of the 
proximal ends of the femurs Similar but less conspicuous bands 
form after the administration of lead bismuth and also during 
format on of the tines of Park in the long bones (Prom Rubin ) 


Fig 5-8 - Normal vascular markings in the pelvic bones A V 
shaped tubular shadow (arrows) in the ilium ot a boy < years of 
ase 8, circular vascular foramen (arrow) in the body of the i$ 


chium of an asymptomatic girl 4 years of age Sometiihes several 
small circular foramens are present in the same site instead of a 
single large foramen as in this pat ent 
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Fig S 10 —Normal aupra acetabular patches ol raretact on in 
a healthy boy 9 years of age These normal patches have been 
Jy «\tw w At? Jiff} xa .tMiixte# Jis 

granuloma ieukem a. Ew ng s neoplasm and other mat gnancies 

jshed density which may be mistaken for areas or 
destruction (Fig 5-10) 

Occasionally accessory secondary centers deve)o;> 
in the spine of the ischium and in the superior margin 
of the acetabulum (Fir 5-11). They are usually visj 
ble between the 14th and the 18(h year after which 
they fuse ivith the main mass of the Ischium and 1) 
ium respectively Zander emphasized that the on<i 
tomic os acetabuL is an ossiAcaiion center-often a 
group of bony nodules— which appears during puber 
ty in the anterior segment of the Y cartilage in the 
wall of the acetabulum. The roen tgenolog tc os acetaly. 
uli In contrast is a single bony center which arises 
In the thick cartilage that forms the nm of the poste 
nor segment of the acetabulum (Fig 5-12} during 
puberty after several years it normally fuses solidly 

Fig 5 12.-OS acetabui marg ns! s super or n the cart lag 
nous rm of ihoseeUPulum of ag r1 11 yea sofage Thesanormji 
separate marg nal oss eles should not be m staVen tor fracture 
fragments or calc lerous foc n the soft t ssues 






Iftc ng ol a roentgenogram t^slcle in the nm of the aceUbuiom 
and in the t p of the seh al sp ne in a pat enl 14 years of age 

with the conuguous portion of the body of the ibum 
For this posterior maxginaJ ossicle Zander proposed 
the name os ocetabub margmalis supenor In some 
cases the marginal center in the acetabular rim per 
sists as a separate osslcle-either unilateral or bilater 
al-and may be confused roentgenographically with 
chip fracture in the case of injury or with seques 
(rums or pentendenitic calcihcations in the case of 
regional pain and inflammation During puberty the 
stnp of cartilage in the incisura acetabub may cast a 
bnear shadow of diminished density on the head of 
the femur which simulates fracture of the femoral 
head 

Ossification of the canilage in the ischiopubic syn 
chondrosls is extremely vanable m both velocity and 
pattern We found that bilateral fusion of the ischio- 
pubic synchondroses is complete in about 5% of chil 
dren at 4 years of age and in 82% at 12 years Unilat 

rg S 13 -Irregular m nera zat on and swel ng ot the left s- 
ch opubtcsyocfiontfros s In an asymptomat c boy Tyears of age 
Tlte osteopoTOt c swollen synchondros s projects into the obtura- 
tor foramen 
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Fig 5 14 —Early closure of the sch opubic synchondroses in 
a normal g rl 2 years of age The rest of the skeleton had normal 
maturat on 


eral swelling at the synchondrosis (Fig S13) uas 
present in 57% of children at 7 years and bilateral 
swelling in 40% at 7 years In some girls the ischiopu 
bic synchondrosis may close as early as the 3rd year 
(Fig 5-14) We concluded that swelling preceded clo- 
sure of the synchondrosis in most and perhaps all 
cases The swrellmgs lasted from one to three years 
Irregular mineralization was present In about 8% of 
all cases between the ages of 4 and 11 years it was 
ne\er present without swelling and tended to develop 
in the more pronounced examples of swelling We 
have seen the completely closed ischiopubic synchon 
firosis deminerabze and swell and then fuse com 
pletely a second time in the absence of any clinical 
signs of disease at this site (Fig 5-15) Rarely an ui 



Rg S 16 -Independent supernumerary c rcular oss f cat on 
center in the isch opub c synchondros s of an asymptomat c boy 
& years of age 

dependent supernumerary ossification center may 
develop in the ischiopubic synchondrosis (fig 5-16) 
Kaufmann observed a similar center m an infant 6 
months of age Junge and Heuck found swelling and 
irregular mineralization m 50% of 358 healthy chil 
dren They believed that excessive weight bearing on 
one side caused ipsilaieral changes at the ischiopubic 
synchondrosis 
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FI9. S 17 —Focal retarded oss I cat on of Itia Infer or ram of 
the pub c and Isch al bones on both s des in a g r1 to years of 
age These were chance f nd ngs In fhe pre m nary J fm of eac/O' 
tOT urography Also her sacrum was routed upward and back 
ward and Its caudal four segments were hypoplastic 

Cases ha>e been reponed in which regional pain 
and tenderness and Impaired locomotion were associ 
ated Hdth irregular mineralization and swelling of the 
Ischiopublc synchondrosis this clinical picture and 
the associated roentgen finding have been colled is 
chiopubic osteochondrosis in (he belief that it is anal 
ogous anatomically and pathogenlcally to ischemic 
necrosis of the skeleton such as Perthes disease in 
the head of the femur and Koehler s disease m the 
ursal scaphoid Apparently the prognosis has always 
been favorable in so^alled ischiopublc osteochon 
drosis The normally irregular minerallrarjon In this 
area should be kept in mind when the question of ear 
ly osteomyelitic or neoplastic destruction is raised 
Devas suggested that stress fractures might cause 
some of these changes this appears to be unlikely 
We have seen one example of localized stovnng of 
ossification of the ischial rami (Fig 5-17) Byers 
found normal bone and cartilage in a biiqisy spec 
imen 



Fig 5*19 —Patchy $oap bubble rarefact on of the iscftia 
ramus and tuberos ty on ibe left w tb $ m lar but much less 
eiarkect changes at tba same s te In (ha ngbt sch um of an 
asympiomat c boy 12 years of age (Courtesy of Dr R Parker Al- 
len Oenver Colo ) 

It should be emphasized that the medial edges of 
the bodies of the pubic bones are often irregularly 
mineralized in appojentiy healthy children 

Irregularities In the posterolateral edge of the Is- 
chium may also be observed occasionally during 
preadolescence ihe lateral borders of the body of the 
ischium and its inferior ramus show marked inegu 
lanty both in the margin and in density (Figs 5*18 
and 5>19> We have seen one example of ischial ureg 
ulanty wiih marked fluctuanons on the two sides dur 
mg the Ilth and 12th years (Fig 5-20) In two other 
asymptomatic boys the two sides were unequally 
affected (Fig 5-21) In one of our pauents some heal 
Ing occurred during a period of six months (Fig 5-22) 
It should be remembered that during growth and be- 
fore fusion of the body of the ischium to us scale epiph- 
ysis along its under edge (see Figs 5-1 and S-2 A) 
(his ischiai edge is a provisional zone of calcification 
and IS analogous to the provisional zones of calcifica 
tion in the metaphyses of ail of the long bones It is 
not cortical wail made up of lamellar bone In one of 
our patients an asymptomatic boy the ischial edges 
were normally smooth at age 10 years but deep irreg 





Bg. 5*20 - Bilateral fluctuating Irreguiantiea In density of the me nghiischia) tuberosity is irregular and rarefied the left tuber 

ischial tuberosities In A, at 11 years of age the left ischiai tuber osiiy is now of normal density and has a smooth edge These 

osityls irregular and poorly mineralised in 6, at 12 years of age were chance find ngs man asymptomatic boy 


Fig. 5 21 -Irregularities in both rschia of asympfomaf c beys tuberosity of the left ischium is evenly raref eO In 8 there Is 
12and It years of age fn A the right ischium is irregufarty rare- bwbbfy rarefachon in the site of the right tuberosity and cau 
fled at the tuberosity and slightly caudad into the ramus The dad into the ramus 

























IWWfc? 1 




726 / 


SECTION 5 The Pelvis 





Fig S 72 <• Serial enanges during six moriths of irregular mm 
eralizadon of tne ngntfscnial ramus and body TfrisOov 15 idea's 
of age nad had vague pams m the lumbar region of indefinite 
onset A. on May 35 there is a large rad olucent detect in the 



right Ischium 8. on September t7 the detect has I lied ih m 
part C, on November 5 the previously radiolueent segment Is 
now sclerotic and the contiguous segment is slightly avulsed 


cent defects ate occasionally found in the infenor 
ramus of the ischium (Fig 5-23) of healthy children 
In one of our patients a man 22 years of age ivho had 
pain in the left buttock normal cartilage was found 
iji deep marginal ischial Irregulantjes (Fig 5-24) 

The lesser sciatic notches vary greatly in size in 
different individuals and on the two sides of the same 
individual (Fig 5-25) These notches are usually not 
visible during the first months of life, and increase in 
size and conspicuousness with advancmg age 
It should be clear that the diagnosis of osteochon 
drosis juvenilis should be made with great reserve in 
these sites where irregular mmeralizaCion appears to 
be a normal anatomic variant In so many healthy 
asymptomatic children In the pelvis these sites in 
elude the crest of the ilium, roof of the acetabulum, 
bodies of the pubic bones, ischiopubic synchondroses 
and the lateral aspect of the ischia. By the same to- 
ken, when destructive lesions of mfianunation and 


Fig 5 33 — Lsxge sharply dstinep patch in tha ischium oi an 
asymptomalicgirl 13 years of age The nature of this variant was 
never dcler mined 
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Fig S 24 -Deep marginal irregulanl es in the left ischtal (u 
berosity and ramus of a man 22 years of age who had eompta ned 


oi pa n in the tell buttock for three months Biopsy showed nor 
mat cartilage in the sites of the irregularities of the ischial edge 


neoplastic growth develop in these same sites, early 
roentgen diagnosis ivtU be uncertain until the 
changes exceed the limits of normal vanauon 
Vertical clefts, unilateral and symmetrically bilal 
eral, are found in the superior pubic rami m about 1 
of healthy newly bom infants (Fig 5-26) Usually 
these radiolucent slices disappear completely during 
the first weeks of life In one of our cases, the cleft 
persisted with marginal strips of sclerosis which sim 
ulated a fracture Betarded and irregular mineraliza 
don of the pubic rami may also be bilateral at birth 
and then gradually mmeralize completely from sever 
al ossification centers during the first months of life 
(Fig 5-27) These findings indicate that sometunes 
the superior rami of the pubic bones nunerabze from 
several centers m the rami rather than by the usual 
direct, even extension from a smgle primary ossifica 


Rg 5-25 —Conspicuously deep and large lesser sciatic notcfv 
es with sclerotic edges (arrows) in an asymptomatic boy 4 years 
of age 



tion center It seems hkely that the vertical radiolu 
cent clefts seen radiologically represent bars of non 
calcified cartilage between the expanding ossification 
centers 

Iliac * horns” have been found ui association mth a 
svide variety of mesodermal and ectodermal defects 
The * horns are actually bony processes which pro- 
ject dorsad from thewmgof each ilmmfsee Pig 8 841) 

Failure of segmentadon between the lateral masses 

Fig 5 2S —Congenital stnp defect in the supenor ramus of 
the pubis these lesions may be unilateral or bilaterally symmetri 
cal A at birih there is a vertical band of diminished density in 
Ihe middle third of the pubic ramus B at 6 months at the same 
site there is a narrower radiolucent band which is now bordered 
by sinps of increased density The patient was always asympto- 
matic and palpation d sclosed no signs of fracture al this site 
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fla S 77 ^R«{»'M»nairre^uiifmn«riJi2itionctbotHtvp»- !•» witn istiielueent cl«(ts between them C, at & months The 

rior cubic urn) A, neonatal In the pubic rami osslication is superior rami are evenly ano extensively ossified but ttxere Is still 

confined on each side to a round center most of the superior cariifage between the dorsaf ends of (he rami and their fsctiial 

pubic rami are entirely radiolucent because ossification has not bodies The changes In the pubic bones are chance find ngs in a 

yet occurred 6. at 6 weeks Ossification Is now increased In both patient who also had bilateral dysplasia and d sloeation of the 

tuperlorrami but it is stiff fncomplereendlrregufar Oniherfgtit i»ps 
side there are at least three large Independent ossification cen 

of the l8l sacral segment and the transverse proc* In rare cases bilateral sacrococcygeal ossicles re- 
esses of the 5th lumbar 1* responsible for the variant semble coccygeal ribs (Comtvell and Ramsey) 
known as sacraJjiation of the Sth lumbar vertebra Defects In mineralization of the sacral neural arch 
(Fig 5-28) In infants and children this condition Is es are common m apparently normal Infants and chil 

rarely associated with regional signs and symptoms dren The adjoming neural arches of the Sth and 

Vinke and 'Vhite found that congenital narrowing of 4th lumbar segments are often suiularly affected 

the lumbosacral space frequently accompanies sa (Fig 5-29) It should be emphasized that these image 

cralization of the Sth lumbar vertebra defects are not necessarily actual anatomic defects In 


Fig S 2S -Sacrslizationof the Sth lumbar veilebra A.inaboySyearsof agu B, Inaboy Tt years of age 
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Fig S 29 -Sacral spma bifida occulta m a patient 5 years o( 
age tracing of a roentgenogram \Nide midlme defects are pres- 
ent m the neural arches in ail levels of the sacrum a narrow de- 
fect la visible in the Sth lumbar vertebra It i$ probable that the 
neural arches are complete but incompletely ossified near the 
midsagiltal plane Actually these rad ographic defects represent 
persistent synchondroses in the neural arches rattier than de- 
tects warranting the name spina bifida occulta 


the neural arches and for this reason ‘ spma bifida 
occulta” is often a misleadmg name for them The 
arch IS usually intact anatomically, and the image 
defect represents a localized deficiency of ossification 
in cartilage rather than a gap m the arch itself In 
many cases the defects seen dunng the early years of 
life disappear later owing to ossification of the carti 
laginous segment, which looked hke a defect in the 
arch radiographically Sutow and Pryde pointed out 
that incidence of the radiographic defect diminishes 
with advancing age, m males from 22% at 7-8 years 
to4% in adults and m females from 9% at 7-8 years 
to 1% in adults Fawcitt found some degree of radi 
ographic spma bifida occulta (usually mcomplete os 
sification of the arch) m 82% of 500 English children 
It IS unhkely that these radiographic defects repre- 
sent actual anatomic defects in this high mcidence 
especially smce Sutow and Pryde showed that they 
dimmish substantially with advancmg age 

Dunng the 2nd 3rd and 4th years the surface of the 
acetabular cavity becomes irregular and casts an 
indented tufted shadow (Fig 5-30) These normal 
irregulanties disappear dunng the first half of the 
second decade and never reappear 

The supenor ihac crest is smooth at birth but often 
becomes wavy and irregular after the 2nd or 3rd year 
(Fig 5-31) The ventral segment of the crest is always 
the most affected and m many cases the scalloping 
of (he crest is confined to the antenor portions Such 
crestal irregulanhes may persist until puberty (see 
Fig 5-2,4) after which they are obhterated by fusion 
of the crest of the ilium with the epiphyseal center 
Segmental crestal ossification may resemble fracture 
fragments 

The paraglenoid fossas of the iha become evident 
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during adolescence one is often much larger tbajj 
the other and the fossa may fail to develop on otie 
side 
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Congenital Malformations 
Persistence of the infantile type of pelvis is respon 
slMe for the generally contracted funnel pelvis in the 
adult Unilateral hypoplasia of one of the wmgs of the 
sacrum gives nsc to the obliquely contracted pelvis 


Fig 5 33 — Congen lal regional hypoplasia of the lelt side of 
th* saemm (arrows) In a boy 6 years of age who had chroo c 
pyura 



FJg. 5 32 -Hypopias a of the sacrum 
w th b laterally contracted pelv s n a g rl 
to /> years Of age Moderate coxa va ga is 
present in both femurs A trontal and B 
lateral protect ons 
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Fig 5 34 — Separat on of the symphyss pub sand lateral dsplacement of the pub c bones n a 
pat ent 2 months of age with exstrophy of the bladder 


undergrowth of both tvings produces the rare trans 
versely contracted peUds (Fig 5-32) This deformity 
has been recogruzed in films of the gravid uterus 
Gross defects of the sacrum as well as hypoplasia are 
sometimes encountered (Fig 5-33) 

In exstrophy of the bladder the pubic arch appears 
open and the centers of the pubic bones may be 
spread several inches apart (Fig S34) There is an 
associated compensatory alteration in the relative 
positions of the other pelvic bones In some instances 
the infenor puhic rami appear to be hypoplastic and 
their nunerahzation is delayed Separation and in 
complete ossification of the pubic bones have also 
been found In association with imperforate anus 
diastasis of the recti deficiencies m the abdominal 
and pelvic musculature and epispadias Weiss and 
colleagues found that the degree of separation at the 
symphysis pubis correlates with the degree of epispa 
dias In shght epispadias the symphysis was norma] 
and m the more severe degrees of epispadias separa 
tion at the symphysis was severe and in the most se- 
vere degree sunulated the wde separation found m 
exstrophy of the bladder In a few cases the pubic 
deficiencies have occurred without other anomalies 


Permanent delayed ossification of the pubic bones 
IS common in cleidocramal dysostosis (Fig 79 C) 
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Congenital dislocation of the hip (CDH) varies 
greatly m incidence among different peoples and in 
Afferent regions In the Nordics and the mixed white 
populations of the Umted States 1-2 per thousand 
newborns are affected In large parts of Africa, India, 
China and Brazil CDH is virtually nonexistent. In a 
smgle European country such as Germany Czecho- 
slovakia Hungary or Italy CDH is common m some 
parts and rare in others In all countries CDH is more 
common ui girl s than m boys m the ratio of about 
5 1 and ii is 10 tunes as co mmon after breec h deliv 
enes as cephalic hut the girl to-boy ratio is reduced to 
2 1 CDH is more common m dizygotic twms in the 


Fig 5 35 A un lateral CDH n a g rt 14 months of age On the 
nght s de all three e ements n Putt s tr ad are v s ble (1) hypo- 
plas a of the acetabular roof w th ncrease n ts p tch (2) hypo- 
plas a of the femoral oss f cat on center (3) d slocat on of the 


femur cephatad and late ad The arrow po nts to a fa se acetabu 
turn B dysplas a w th d slocat on ot the left h p at 3 months of 
age The leU acetabular ang e measures 48 deg ees and the left 
lemur is d s ocated cephatad and laterad 
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first bom gul and In those bom during the summer 
months CDK supposedly congenital has been re- 
ported In rabbits and scseral breeds of dogs 
Prenatal and pennatal relaxation of the capsule at 
the hip Joint appears to be the basic lesion Sudden 
stretching stresses on the capsule such as obstetrical 
manipulations during delivery (especially In breech 
presentation) or suspension of the newly bom infant 
bf Its feet may Initiate the dislocation Limiiation of 
abduction by restrictive clothing or by actual binding 
of the legs in adduction by Lapps and some American 
Indians may be responsible for the later onsets of 
acquired dislocations that lead to permanent distoca 
dons when the Joint capsules are hypotonic E>yspla 
sia of the acetabulum (Increased acetabular angle) 
elongation of the capsule femoral anieversion and 
contracture of the periarticular muscles are all sec 
ondary complicauons of primary hypotonia of the 
joint capsule The high incidence of CDH in girls 
suggest* a hormonal factor The higher Incidence in 


children bom during the winter months suggested to 
Salter that the tight covering of newborn infants ivith 
clothing and blankets during cold weather may be a 
causal factor 

Thieme and colleagues measured the unnary estro- 
gen contents in 16 patients with congenital disloca 
tion of the hip and 19 matched controls dunng the 
first SIX days of life and found no significant differ 
enres Their findings do not support the suggestion of 
Andrcn that congenital dislocation of the hip is asso- 
aated with disturbed estrogen metabolism in the 
fetus and newly bom infant Ilienonn and James con 
eluded that one single clinical and radiographic ex 
arnmalion is not enough in some cates repeated ex 
amtnations are essential during tlie^rsl ueeks and 
months Among 6000 consecutive newly bom infants 
Small found 24 cases of dislocation of the hip and of 
the 23 treated with the von Rosen splint 22 had ex 
cellent results 

In full dislocation of the hip the radiographic 


FI? S 37 -A. un lateral 0 slocal on of the h p >n »ri unireateO acetabulum and liatten ng of the femoral oss f cat on center are 

female cret n 7 years of age B the same pelv s atter22inonth$o1 StIIvsbfe The geneialueO advance in maturat on of the pelv s 

thyrod treatment no other therapy was g ven TheOslocaf onhas aoO femursOur ng me thyrord therapy rs noteworthy 
almost completely d sappeared some Oefortn ly ot the roof of the 
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Fig S 38 — Congenitat dislocation of the hip 
with smallness of the ipsilateral left ilium in a girl 2 
years of age 


Rg 5 39 •'Radiologic findings of infolding of the labrum in 
opaque arthrograms A, schematic drawing which shows the 
normal labrum (a) and infolded labrum (b) 8. schematic drawir>g 
of opaque contrast agent in a normal hip A zona orbiculans B 
ring of contrast agent around the femoral neck C cartilaginous 
acetabular roof with fibrocartilaginous limbus d pping Into the 
contrast agent D puddle of contrast agent lateral to the trans 
verse ligament F contrast agent on the medial side of the trans 
versa ligament arrow edge of I mbus arrow w th circle trans 
versa ligament C, schematic drawing of infolded labrum m 


opaque arthrogram The right hip is normal thelefth p shows the 
labrum infolded on the face of the acetabulum between the head 
of the lemur and the articular surface of the acetabulum ABO 
andf same as in B G capsular isthmus H ligamentum teres 
V y horizontal line thru Y cartilages arrow, edge of limbus 
arrow with square limbus infolded into joint arrow with circle 
transverse ligament D, actual opaque arthrogram showing the 
(itimg delect between (emorst head end scetabutum and the 
spinelike tilling defect (arrows) cast by the tip of the enfolded 
labrum (6 and C from Severin ) 
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Fig 5-49 — Acgu r«9 Matenl d aheat on of iha n pa in neuro- 
muscular d sease A, riermal at 5 months ot age B e lateral d s* 
loeat on of the h P» at age 5 years The pat ent had men ngoen* 
eephal t a at 5 months ol age followed by pen stent genera zed 
apast e paraplegia 

changes present no difhculUes In diagnosis which is 
warranted when the three components of Putti s mad 
are present shift laterad and cephalad of the femoral 
head hi*popIasia or absence of the femoral ossihca 
don center and an increase m pitch of the acetabular 
roof toward the longitudinal axis of the body (Figs 
5-35 and 5-36) In a cretm all of these changes were 
present, and all of them disappeared after thyroid 
therapy and without local treatment of the dislocated 
hip (Fig 5-37) The ipsilateral ibum may be hypoplas- 
tic (Fig 5-38) Opaque arthrograms are useful in the 


demonstration of infolding of the labrum between the 
femoral head and the face of the acetabulum (Fig 
M9) 

Acquired acute traumatic dislocation of the hip is 
rare about four fifths of the dislocations occur in 
boys Of the 16 patients followed to skeletal maturity 
by Donaldson 11 recovered completely In only 2 of 
55 patients with so-called avascular necrosis did coxa 
plana develop later Acquired dislocation of the hip 
may develop In neuromuscular disease (Fig 5-40) 

Coxa plana (Fig 5-41) is a frequent compbeation of 
the treatment of CDH and occasionally a large meta 
physeal defect will develop in a thickened femoral 
neck (Fig 5-42X 

The methods for quantitating the degree of disloca 
don are shown tn Figure 5-43 The ventrodersa) level 
of the displaced femoral head Is shoivn best in the 
Chassard Lapine projection when patients are im 
mobilized this can be done best m the 45 degree fron 
tal oblique projecdon as directed byMartzand Taylor 
Slight degrees of excessive mobility at the hip and 
slight degrees of dislocation are always uncertain 
radiographically and clinically 

The monumental studies of CDfl In the newborn 
by Andrdn and von Rosen and by PaJmen have proved 
convincingly that the only reliable cLnical sign u the 
response to the Onolani test which actually demon 
straies slipping of the femoral head in and out of the 
acetabulum as the femur is abducted and then ad 
ducted (provocative Ortclani) The expenence of 
Andr^n and von Rosen in Malmo Sweden indicates 
that CDH in the newborn was neither overdiagnosed 
nor underdiagnosed by the Ortolanl test, in a study of 
more than 1 5 000 newborns Palm^n s report includes 
examination of 415 000 newborns which constiruted 
49T of all births in Sweden through the years 1953 to 
1960 Andrew and his associates found that CDH in 
newborns is associated with generalized relaxation of 
the infant and ihat laxity of the hip Jomt is the rule 


Fig 5-4t —Res dual b lateral coxa plans alter |reatm«ntof un 

lateral congen tal d slocalion otlhe h P In A at 2 years of age 
the left ti P rs d slocaled and dfsplasi C Put the r ght h p Is not 
mal In B at 5 years ol age and follow ng successful reduct on ol 
tne earl er d sloeat on ol the left h p coxa plana deform t es are 


eviderit in both femurs The pat enf was treated by abduct on and 
nternal total on lor several monihs in plaster on both h ps Coxa 
plana ts exceed ngly rare or nonex stent In untreated d sloeat on 
ot the h p 
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FTg S*4Z»Coza plana res dual to earl er d sloeat on ol (he left 
h p and its treatment Th s g rl 3 years ol age had been treated 
In a plaster cast with 90 degrees of abduct on ol the left h p when 
she was S months of age A Irental project on the lemoral head 
s Uatteried and irregutarty ossd ed The arrow points to a meta- 


physeal defect in the antenor segment of the femoral neck In 8 
w th the femurs In abduct on and external rotat on a large 
wedge shaped metaphyseal defect is ev dent and the femoral 
neck $ thickened in th$ project on These fndngs smulata 
those of essent al coxa plana (Legg Perthes d sease) 


rather than himtation ofabducQon which is charac 
tensQc of CDH in older infants Atidren attnbutes the 
relaxation of the newborns tvith CDH to their failure 
to metabolize and excrete in the urine the maternal 
hormones estrogen and relaxln 
The radiographic diagnosis of CDH m the newborn 
can be made only when actual dislocation of the 
femoral head is demonstrated by the method of Hil 
genreiner (see Fig 5-43 A) Dysplastic changes m the 
acetabulum such as increase m the acetabular angle 
are not necessary and were usually absent m the 
huge Swedish studies Von Rosen and Andren prefer 
the radiographic method which they devised for the 
newborn and is pictured m Figure 5-44 In which the 
mfant s femurs are abducted 45 degrees then rotated 
mtemally as far as can be done with bght force and 
then extended In the case of partial or complete dis 
location the extended line of the nudlongitudinal axis 
of the femur crosses the ihum laterad and cephalad 
to the acetabulum m contrast ui normal hips this 
extended Ime crosses the acetabulum itself 

The early diagnosis and treatment of CDH m Swe- 
den during the first days and weeks of life have made 
possible short penods of treatment of only a fesv 
weeks with the affected leg mamtamed in abduchon 
and external rotation the residual deformities have 
been practically ml 

In 1967 Palmen reported that 99% of all infants 
bom in Sweden were delivered in general hospitals 
All of these veere tested routmely at birth by the Orto- 
lan! method and all neonates with positive results of 


the Ortolan! test were given gentle prophylactie treat 
ment The new cases of CDH amounted to only 10 in 
the whole of Sweden in 1 967 in contrast to more than 
100 cases in 1952 when Ortolani testing and propby 
lacac treatment were started 

Salter and colleagues found that the femoral head 
was extremely vulnerable to therapeutically induced 
avascular necrosis and flattening dunng the first six 
months of life They also found that true avascular 
necrosis of tbe femoral head developed in about 30*^ 
of infants under 30 months of age who had been 
treated for CDH This figure was later reduced to 15% 
by the more frequent use of continuous traction and 
subcutaneous adductor tenotomy Early diagnosis of 
doctor induced necrosis of the femoral head depends 
on the followmg radiographic findings (1) failure of 
appearance of the ossification center witbin one year 
after reduction (2) failure of growth of an existing 
ossification center (3) broadening of the femoral 
neck (4) increased density of the ossification center 
(5) residual deformity of the head and neck when 
reossification is complete Undergrowth of the ihum 
and residual subluxation of the hip are associated 
findings Salter and associates concluded that ught 
muscles especially the adductors at the hip and firm 
immobilization m the extreme abducted posiQon 
cause pressure necrosis of the femoral head. 

According to Finlay and assoaates and Barlow tbe 
hip joint IS unstable dunng the neonatal period 4 to 
11 per lOOO newborns exhibit climcal signs of dislo- 
cation and 8 to 20 per 1000 signs of mstabihty How 
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ng 5^3 -A, Hiigenreiner s meitiod for measurrrtg the aceta- 
bular angles and amount of femoral dislocation before the 
moral ossification centers appear The horizontal line is drawn 
through the Y cartilages and is known as the Y Y or Hitgenre. 
ners line The oblique line parallel to the acetabular roof i$ 
drawn to intersect the Y Y Ime the angle between these lines is 
the acetabular angle Vert cal lines (ft) are dropped from the Y-y 
line to the middle of the superior edge oi each femoral shaft this 
measures the disloeaton cephalad The distance (d) from the !?>- 


tersection of the roof line and ft measures the lateral dislocation 
ol the lemur in this figure the nght acetabular angle is in- 
creased to 40 degrees and the right femur is d slocated cephalad 
andlaierad B. h>p rneasurements according to Marlin The basic 
pattern ts the same as in A. The V V lines are verticals dropped 
from the lateral ends of the acetabular roofs through the Y Y line 
TheVVlines sometimes called Perkins lines measure the later 
al position of the femur (From Martin) 
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Fig 5-44 —The AndrSn von Rosen radiographic technic lor 
identification of dislocation of the hip in the newly born The 
projecfion is made in tult (rontat position with the central ray 
focused on the symphysis pubis Both thighs are abducted 4S 
degrees then rotated internally as far as comfort permits Unes 
are drawn through the rnidlongitudinal axes of both femurs end 


then extended onto the ilia. In the norma! hip the extended line 
will cross the acetabulum at some level in the dislocated hip the 
extended Une crosses lateral to and above the acetabulum and 
the infenor iliac spine A, dislocation of the left hip B. disloca 
tion of both hips 


ever, m the United States and Western Europe, the 
incidence of actual CDH after the neonatal penod ts 
only 1 per 1000 It is manifest that 75% to 95% of the 
newborns with cUrucal signs of CDH and instability 
revert to normal wihout benefit of treatment during 
the first weeks of life 
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Spondylolisthesis -This term is applied to dislo- 
cation of a vertebra, usually at the lumbosacral junc- 
non, where the body of the 5th lumbar sbps anteriorly 
and caudad over the body oF the 1st sacral The dislo- 
cation Itself 15 not, so far as is knotvn, present at 
birth, but the primary causal factor is a congemtal 
deficiency in the pars articulans of L-5 These weak 
fibrous, cartilaginous segments in the neural arch 
give svay under the stress of increasing weight, exces 
sive muscular pulls or local trauma and permit the 
body and the attached anterior segment of the divided 
neural arch of L-5 to slide forward and downward, 
leavmg a portion of its neural arch behind In some 
cases the separated posterior segment of the 5th lum 
bar neural arch may be crowded backward and down 
ward The defect m the neural arches may be present 
vnthout anterior slipping of the body (spondylolysis) 
Spondylolisthesis appears most frequently in active 
adults durmg the third, fourth and fifth decades of 
life In one of our patients It was recognized roentgen- 
ographically in the 5th year of life, when low back 
pam developed following a spanking It is probable 
that spondylolisthesis is overlooked m children and 
that Its incidence will be mcreased with more fre- 
quent and careful roentgen exammations of children 
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Fig 5'4S -Detect n the pare art cular s (arrow) of the neural 
arch of L 5 (sponOylolys s) which ha» perm tted the tody of L 5 
to el p forward (spor>dyiol sthee s) on the body ot $ t 


with low back pain and tenderness The causal mech 
anism appears to be developmental and spondylo- 
listhesis results f^m local weakness In the pars aiti 
culans (dysplasia) and then from stress on this weak 
segment induced by erect posture and normal lum 
bar lordosis of man 


The roentgen signs of spondylolisthesis are best 
demonstrated in lateral projection frontal projections 
are not to be depended on for a conclusive diagnosis 
The most important single finding is the anterior dis- 
placement of the 5th lumbar body and the attached 
anterior segment of Its divided neural arch in relation 
to the 1st sacral which causes a break in the normal 
curves through the antenor and posterior surfaces of 
the vertebral bodies (Fig 5-45) The defect In the 5th 
lumbar arch appears as a wide gap between the ante- 
norly placed body and its neural arch Examples of 
early slight spondylolisthesis and the late marked 
form are shown in Figures 5-46 and 5-47 respectively 
The spinous process of L-5 may project backward 
beyond the tips of the spinous processes of the upper 
lumbar vertebrae which have moved forward with 
the displaced body of L-S The magnitude of the dis- 
placement varies considerably in different pauents 
Meyerding s technic for measunng the degree of dis 
placement is a satisfactory method for following the 
progress of the displacement and estimating thera 
peutic results (Fig 5-48) The position of the posterior 
edge of the Sth lumbar in relation to the 1st to 4th 
sacral quadrants indicates degree of displacement In 
longstanding cases bony overgrowth may thicken the 
sacrum anteriorly In frontal projections the overlap- 
ping of the Sth lumbar and 1st sacral segments costs 
a transverse shadow of increased density on the Ist 
and 2nd sacral segments sometimes the transverse 
processes of the caudally luxated Sth lumbar can be 
seen superimposed on the wings of the sacrum 
Cozen observed two patients in whom neither slip- 
ping of the vertebra] bixly nor defects ui the pars in 
terarticuians were present at birth in one of these 


Fig (left) -Early sight juven le spondylol stneses wlh a 
narrow Cefeet In the neural arch of L S (arrow) The body of I S 
and the attached antenor segment of its d v ded neural arch have 
») pped forward on the body of S 1 but the bod es ate not de- 
(ormed save tor a sha low detect posteriorly in the edge ot S-t 


Fig 5-47 (rlghi) - Late marked juven le spohdyiol sthes s w th 
a vnde defect m the neurci a ch ot L 5 (arrows) and rregula de- 
struct on and scleros s of ns postero nter or segment The super 
or edge ot &-1 s smooth but sclerot e 
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Fig 5 49 — Meyerd ng s method of class fy ng the deg 
spondylol sthes & 


of 


patients both of these features developed between 
the Sth and 7th years and in the other between the 
10th and 13th years In one of our patients the spine 
was normal at 9 months but there was a large defect 
in the pars interamculans of the 4th lumbar vertebra 
(spondylolysis) at age 10 years (Fig 5-49) 
Spondylolisthesis also occurs In levels above the 
lumbosacral junctions especiallyat the4th lumbar I 
have seen lumbar and thoracic vertebral displace 
ments m infantile and juvenile hypothyroidism (Fig 
5-50) and achondroplasia. Retarded development and 


hypoplasia of the articular processes appear to be the 
underlying cause 

In a review of the literature and report of a single 
case of cervical spondylobsthesis Niemeyer and 
Penning mentioned one patient 8 years of age m 
most reported cases spina bi£da at the same level 
was associated 

Macnab pointed out that the 4th lumbar body may 
slip forward on the Sth lumbar body m the absence of 
a defect m the neural arch when there are disloca 
tions at the articular facets of the diarthrodial joints 
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In a family of 6 siblings 1 of whom had spondyl I s 
thesis VViItse found defects m the pars mterart a 
Ians but without slipping in 5 in 101 direct relaii es 
of 36 patients with spondylolisthesis he found 26 
examples of defects in the pars mterarticulans with 
out slipping of the vertebral body In Wiltse s study 
spondylolisthesis was never present at birth and was 
rarepnor to thedth yearof life In the white race the 
Incidence in males is twice that in females 
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He called this spondylolisthesis with intact neural 
arch and believed that when defects are not demon 
strated radiologically in fonvard sLpping of the 5th 
lumbar on the 1st sacral the neural arch may be in 
tact at this level also and the ventral sbpplng result 
from dislocation of the dorsal joints 

Adkms showed that the pam of spondylobsthesls is 
due to compression of nerve roots prolapse of the 
disk IS a rare complication 

Fig 5 SI -Comparson of achondroplasi c peivs (A) and reduced lo toy si Is rounded at one end (arrows) Thepubcand 
normal pelv s (B) at 8 months of age In the achondroplasi all of sct» al bones are short and stubby the sch a) ram taper sharply 
the pelvic bones are too sma I and the cart lag nous parts refa at the isch opub c synchond oses in contrast to the long gent e 

t vely too large the 11 ac w ngs a e short but relat vely w de and taper of the normal sch al ram These pelv e changes are some- 

the r under edges are long and flat w th very small acetabular t mes more d agnosi e than those in the long bones 
angles wh ch approach zero The greater sc a! c rwtches are 



Diseases of the Pelvis 

Intrinsic Generalized Skeletal 
Dystrophies 

In the soft and delicate bony pelvis of osteogenesis 
imperfecta the sacrum is pushed forward and the 
side walls at the aceiabula protude mward narrow 
Ing the true pelvis These changes are usually asym 
metncal if scoliosis of the lower portion of the spine is 
present The ochondropiastic pelvis is broad and flat 
the promontory of the sacrum is rotated fonvard and 
downward and the coccyx is rotated upward and 
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baclovard, resulting m a mdemng of the lumbosacral 
angle and a prommence of the sacrum and buttocks 
The acetabular roofs are tilted toward the horizontal 
and are long, which is the converse of the hndmgs in 
so-called congemtal dysplasia of the hips, sometimes, 
m achondroplasia the acetabular angles approach 
zero(Fig 5-51) even in newly bom mfants Inhered! 
tary deforming dyscliondroplasia multiple exostoses 
are uncommon m the pelvic bones, we have seen a 
few needlehke exostoses projecting from the body of 
the pubic bones, and large bony masses have been 
found attached to the crest of the ilium Timonen 


described a pnmipara 24 years of age, in whom pel 
vie cartilagmous exostoses caused dystocia and fatal 
injury to the fetal head The pelvis in Morquio s dis 
ease during growth is distinctive, the proximal ends 
of the femurs are mcompletely ossified and the lower 
edges of the ilia are convex caudad In osteopetrosis 
there Is usually httle or no significant change m the 
shape of the pelvis despite the marked generahzed 
osteosclerosis In many cases of cleidocramal dysosto- 
sis the pubic arch is incompletely ossified and par 
Qally invisible (see Fig 1 88 C) 

In mongoloidtsm (Dotxm s syndrome') durmg the 


Fig 5-52 —Peivtc changes inmfantile mongolaidism AandS. 
normal and mongoloid newbortrs C and D, normal ar\d mon^ot- 
oid at 6 months E and F, normal and mongoloid at 12 months 
At all ages the ilia are large and hare laterad and acetabular an 
gles are small In mongoloids older than 9 months the ischial 


rami are usually hypoplastic with small girth and a long taper to 
the ischtopubtc synchondroses Ossihcation centers m the proxi 
mat epiphyseal cartilages appear later and remain smaller in 
mongoloids than in normal children 
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Fig S S3 > Peiv e measurements in a normal newbor^tlX) aAd 
a mongolo d newborn (B) The acetabular angle s trtciosed in 
the I nes ao and the I ae angle n the I nes la In mongolo ds 
both of these angles are smaller than normal Line a is d awn 
parallel to the face of the acetabular eavty Line I is drawn 
through the two lateraimost po nts on the lateral edge ol the 11 at 
w ng below and above 

l8t year of life the pelvis exhibits several stigmas 
which are diagnostic (Fig 5-52) T he acetabula r 
slopes are flattened and the_lH a are taroe and Hare 
laterad in (he wings. These changes c an be qua ntitat 
e d by the meth^ of Caffey and Ross (Fig ^5 3) In 
mongotoids the size of thef-i«tibui nr ^nglesivanes 
^tween 7' and 25 degrees (average I g) and in nor 
mat s between 12 and 37 (aierage 2^ In mongoloids 
the jiliac angle /vanes between 3 0 and 56 degre es 
(a verage 44 ) and in normals i^ meen 44 and 66 
(average 55) The iliac index which is the sum of the 
two aceta6ular ang les and the two iliac angles di 
vided by 2 v^e s In mdrigoloids from 49 to 80 de grees 
(ave ra^e~b^ and in nonnals from p5 to 97 degrees 
t average^STt Our findings proved diagnostic in about 
4 of 5 mongoloids suggestive in about 1 of 5 and 
normal in 1 of 25 In Astiey s more recent study the 
diagnostic significance and the limitations of the 
method appear to be similar to our own (Caifey and 
Ross) 

After the 6ih month the ischial rami become h vpo- 
plastic and usually by the l^tlTmonth they are elon 
gated slender and have a Jong taper at tbeir caudal 
ends Coxa valga is common The presence of an ex 
tra chromosome in mongoloid cells and the reduced 
absor ption of vitamm A f rom the gut by mongololds 
make possible the comparison of the incidence of 
mongoloid pelves with incidence of these two objec 
dve signs of the syndrome which should increase the 
accuracy of its diagnosis 



Ftg. 5 54 -Pelvis of a gargoyle 2 years of age Tbe I a are 
stenot c at Ibe r bases with short h ghiy p tehed acetabular 
roots These changes are the converse of those found n achon 
dropias a. The proa mal ends of the femoral shafts are sma I g nh 
and bent Into severe varus deform i esL In some cases Of gargoyl 
sm (muci^lysacchandos s) coxa valga s present but the 
changes n the peiv c bones ot th s pat ent are cons stent y pres 
ent »n gargoyles 


Characteristic pelvic changes in infantile mongol 
Olds have also been reported by Kozlowski in Poland 
and by Nicolis and Sachetti in Italy C H Lee and 
associates believe the diagnosis can be made best in 
newborns by demonstraimg the trisomy of acrocen 
me short chromosomes in groups 21 22. Comprehen 
sive considerations of the skeletal changes in mongol 
oidism are found in the paper of Rodigliero and Sea 
pinelli Currarlno and Swanson found two ossifica 


s temi in &0' t of mongoloids younger than 5 y ears and 
in ot normal infants and children of the same 
ageT In a 8iudy~of inoiigullJidS younger than 2 years 
llaEinowitz and Moseley noted that the bodies of the 


l umbar vertebrae were increased m lon gitudinal 
diameter wd diminished in ventrodorsal diameter 
also (tie v^frai edge5 Of these bodies were frequently 
concave 

In gargoylism some of the most diagnostic 
changes are found in the pelvis the ilia are long and 
narrqw with deep constrictions at their bases and the 
femurs are slender (Fig 5-54) 


REFERENCES 

Astiey R. Chiomosomal abnormabues m childhood with 
particular reference to Turners syndrome and mongol 
ism Bntl RadioL36 2 1961 

AuM R. M et at Vitamin A absorption in mongoloid chil 
dren (a preliminary report) Am. J Ment Def 63 1010 
1959 

Caffey J Acbondioplasia of the pelvis and lumbosacral 
spine Am. J Roentgenol 80 449 1958 

and Ross S Mongolism (mongoloid deficiency) dur 

tng early infancy— some newly recognized diagnostic 
changes in the pelvic bones Pedlatncs 17 642. 1956 

and Ross S Pelvic bones in infantile mongoloidism 

Radiographic features Am J Roentgenol 80 458 1958. 



Diseases of the Pelvis / 743 


Cuiranno G and Swanson G EL A developmental variant 
of ossification of the manubnum steml tn mongohsm 
Radiology 82 916 1964 

Kaufmann H J and Pelargonio S Roentgenologic changes 
in the neonatal pelvis in mongoloidism Schweiz, med. 
Wchnschr 87 1529 1957 

Kozlowski K. The value of x ray films of the pelvis tn mon 
goloidism Pediat. polska 35 831 1960 

NicoUs F B and SachetQ G Evaluation of the morphologic 
changes in the pelvis In mongolism Minerva pediat 12 
1552. 1960 

A nomogram for the * ray evaluation of some mor 

phological anomalies of the pelvis m the diagnosis of 
mongohsm Pediatncs 32 1074 1963 

Rabinomtz J G and Moseley J E The lateral lumbar 
spine m Down s syndrome A new roentgen feature Ra 
diology 83 74 1964 

Bodigliero C C and Scapinelii R. SuUa alterazwni osteo- 
articoleri del mongollsmo (anomalia di Down) Glut or 
toped 4 345 1962 

Sobel A et al Vitamm A absorption and other blood compo- 
sition studies in mongolism Am J Mem Def 62 642 
1958 

Timonen S Cartilaginous multiple exostoses In connection 
with labor Acta obst & gynec scandinav 29 133 1949 


Fractures of the Pelvis 

Fractures of the pelvis may be single or multiple 
(Figs 5 55 and 5*56) multiple fractures are common 
m automobile accidents Breaks m one portion of the 
bony ting surrounding the obturator foramen are 
usually accompanied by a fracture in an opposite 
segment of the nng Ftactuce lines m the floor of the 
acetabulum are usually difficult to demonstrate roeni 
genographically internal protrusion of the ischium 
may be a sequel of fractures m this area (Fig 5-57) 
Secondary epiphyses in the region of the iliac crests 
ischial rami ischial spmes and the nms of the acetab 
ula should not be mistaken for fracture fragments in 
adolescents (see Figs 5-2 and 5-11) Traumabc sep- 
aration of the symphysis or sacroibac joints may ac 


company fractures If there is httle separation of the 
fragments and the plane of a fracture is obbque to 
the projection of the x rays (bevel fracture) it may be 
necessary to film the pelvis m several projections be- 
fore the fracture is visualized Stereoscopic Jilms are 
essential for a satisfactory study of pelvic fractures 
the entire pelvis must be included 
The scalelike epiphyseal ossification center of the 
ischium may be tom away from the mam mass dur 
mg ordmary athletic activities such as jumpmg and 
vaultmg and even in sprmting races (Figs 5-58 and 
5-59) In some cases the edge of the ischial body may 
also be injured and permanent deformities may de 
\ elop secondarily Avulsion fractures of the ilia and is 
chia occur in a variety of patterns (Figs 5 60 to 5 63) 
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IscHioPUBic Osteochondrosis 
^ Juvenilis 

This lesion has been described by Van Neck (1924) 
and many others as a disorder of the jschippubic syn 
chondrosis and its contiguous bones similar to 
Perthes osteochondrosis of the ossification center in 
the proximal femoral epiphysis We have never seen a 
convmcing clinical case and the roentgen changes 
said to be characteristic of ischiopubic synchondrosis 
are found in a considerable percentage of healthy 
asymptomatic older children (see Fig S-13) We oIh 
served one girl for several years tvho developed limp 
and fever which lasted for two weeks and whose 
roentgenograms shoived destrucnon of the mfenor 
pubic ramus and large- progressively destructive foci 
m the bbial metaphyses (Fig 5 64) 


Fig-S 55 - Molt pie Jracfuresotthe pelvis (arrow*) 
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Fig 5<S6 -Examples otpeMcfractum A, avulsionfractureof 
the anterior superior iliac spine (a) anterior inferior ihae spine 
(b] and ischial tuberosity (c) B.stabie fractures of the wing o* the 
ilium (a) body of the sacrum (O) and in the pubic rami (c) C, 
straddle fractures of the pubic rami with distraction of the frag 
ments O longitudinal unilateral shear fractures of the lateral 
process of the sacrum and pubic rami on the left side E. wnden 


■ng of both sacroiliac joints and separation el the symphysis pu 
bis F, lateral compression injury with fracture ot the pubic rami 
on the side of the impact and widening of the sacroiliac joint on 
the same sde O fracture (longiiudmalj ol the right iliac wing on 
the Side of the impact and the pubic rami on the oppes te s dc 
H total pMvic disruption with stable fractures ol the pubic rami on 
the side of the impact (From Dunn and Morns ) 
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Fis ^2. Avuls on fracture oMtie isch at apophys s (•now*) FI9 5-C3 — Avu aonof Itie seh at opophyss (upper arrow) wi h 
s X months after the p mary injury Th s boy was 13 years of age a large comm noted I acture f agment w defyd splaced (lower ar 

rows) The pat enl was a g I 15 years of age 


Rg S<e4 Osteoehond os s or lovvg ade destruci ve oste t s years later the t b at les pns now eeeupy deep Inegu a zones n 

of one of the pub e bones and both bb as n ag n7yea sof age thelemna segments of me tb at shafts The ep physeai oss ft> 

A deslnjct on of the Inter or ramus of the pub e bene (arrow) eat ert eeniers a e not affected The pub e les on hca ed n ne 

two weeks afis onset of I mp and (ever B symmetneal destruo' months after A was taken. At no t me was there c n csl evidence 

I ve foci In the melaphyses of the t b as at the same t me C (our of d sease of the t b as 
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Osteitis of the Pelvic Bones 

Osteitis of the pelvic bones is not uncommon it 
may occur alone or may be one of the sites of polyos 
totlc skeletal infection As in other bones the anatom 
ic changes consist of destructive and productive le 
stons which cast shadows of diminished and in 
creased density in a vanety of patterns The destruc 
rive features predommate in the early stages of the 
mfection Any portion of the pelvis may be affected 
m our patients the most frequent site of mvolvement 
has been on the margms of the acetabular cavity 
(Fig 5-65) The Inflammatory reacoon however may 
also begin on the crest of the ihum or on the borders 
of the sacroiliac jomt The pubic and ischial bones are 
involved by extension from (be ischiopubic synchon 
drosis Tuberculous and nontuberculous uiflamma 
rions are similar roentgenographically We have seen 
several instances of tuberculous cystic desmicoon of 
the body of the ischium (Fig 5-66) The asymmetneal 
hypoplasia of the pelvis which is residual to tubercu 
losis of the ilium and sacroiliac joint during childhood 
is one cause of the obliquely contracted pelvis of 
Naegeh in the adult 


Osteitis pubis has been reported m adults follow 
mg pelvic surgery commonly suprapubic prostatecto- 
my Rarely similar destructive pubic lesions begm 
lung at the symphysis on the medial edg^s of both 
pubic bones and extendmg into the pubic rami have 
been demonstrated m children Alpenn arid Bender 
reported such a case m a Black boy 6 y 2 years of age 
who had had no pelvic surgery pnor to onset This is a 
self limited disorder which goes through a cycle of 
destruction and then repair usually with complete 
restitution of the pubic bones However ankylosis of 
the symphysis pubis has followed in some cases It is 
probable that the destruction m most cases results 
from traumatic ischemic necrosis rather than simple 
inflammation If this be true the lesion could be clas 
sified as osteochondrosis juvenibs pubica. Purulent 
osteitis has been demonstrated m a few cases 

Ischial osteitis is a similar necrotic lesion himted 
to the ischial bones and follows urologic procedures 
such as suprapubic cystotomy 
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HyPOVITAMINOSIS 

Following the deprivation of vitaniin C th® pelvic 
bones may show generalized osteoporosis a band of 


Fig 5-65 reft) — Chron e general zed pyogenic oste t s of me 
nght It um The infect on began n the marg n of the acelabutum 
and later extended to all parts of the bone The inflammatory de- 
SiTort ve and product ve changes cast palchy shadows ol d m t»- 
ished and increased dens ty respect vely The prox mal cp phys s 


of the femur s greatly enlarged and deformed The ischum is 
d splaced ntemaily and hypoplast c from non use 

Fg 5 66 (right) —Loca zed desiruct ve tuberculous oste t s in 
the body of the sth utti 
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increased densjty may be visible in the margin of the 
Iliac crest In the more severe cases of scurvy There 
are no significant sequels after healing 
In nckets the pelvic bones appear to be practically 
unaffected in some cases in others they arc markedly 
changed Dunng the active stage, generalized osteo- 
porosis and irregular mineralization of the iliac crests 
are usually visible in severe cases The usual signs of 
healing found at the ends of the long tubular bones 
may be demonstrable in the iliac crests dunng the 
healing stage In temperate zones and especially in 
Blacks, rickets used to be a common cause of pelvic 
deformities in the adult These deformities anse in 
infancy during the active phase of the disease when 
the pelvic girdle is softened, the deformities persist 
after the pelvis heals and hardens The healed rachi 
Qc pelvis exhibits a variety of deformities many of 
which cause dystocia The pelvis may be generally 
diminished in size owing to retarded growth The 
charactenstic rachitic pelvis is flattened ventrodor 
sally owing to the antenor displacement of the sa 
crum which also pulls the ischial spmes forward ow 
mg to the traction of the sacrospmous ligaments The 
sacrum becomes flat or may actually bulge anteriorly 
into the pelvis The upward thrust of the femoral 
heads pushes in the \vdls of the acetabular cavities 
Similar defbnnities develop In severe cases of renal 
zl diets 

Coxa Vara and Coxa Valca 

Both of these lesions can be best evaluated when 
the positions of the legs and feet are carefully con 
trolled in the true anatomic posiQon The patient may 
be m either the recumbent or the erect position in full 
frontal projecuon The inner edges of each leg and 
each foot must be parallel and m contact with their 
counterparts with the feet at right angles to the 
shanks If this position is not mamtamed rigidly dur 
mg filming most children in recumbent position wllJ 
externally rotate the legs which causes a spunous 

Fig S 67 -'Schematic drawing of coxa vara snOcoxa valga A 
normal angle of 125 degrees between the neck and the shaft 8, 


coxa vaiga The desired anatomic position •. dslly 
established and maintained by wrapping the I anks 
in Ace bandages and putting elastic bands around 
both feet 

Coxa vara is a deformity of the femur character 
ized by a decrease in the angle of the neck and shaft 
(normal angle varies between 120 and 140 degrees) 
beyond the lower limits of normal, owing to a caudal 
bending of the femoral neck (Fig 5-67) In severe 
cases the neck may be depressed to a horizontal posi 
tion or even beyond the honzontal Coxa vara de 
velops when the femoral neck is weakened, and there 
ore many causal agents Bilateral coxa vara is com 
mon in diseases associated with generalized m eafcen 
ing of ihe skeleton, such as nckets, osteomalacia, 
osteogenesis imperfecta and osteopetrosis (marble 
bones) The malformation is also seen in some of the 
congenital generalized dystrophies achondroplasia, 
the dyschondroplasias of Olher, Morquio and Hurler 
and the skeletal infantilism of hypothyroidism Uni 
lateral coxa vara may follow traumatic fracture of 
the femoral neck or pathologic fracture secondary to 
bone cysts, fibrous dystrophy, eosinophihc granuloma 
and osteitis In some cases bilater^ coxa vara has 
developed during early infancy, apparently owing to 
congenital failure of mineralization of the femoral 
necks In all types of coxa vara limping gait is usually 
the principal cliiucal manifestation, and the condition 
must be differentiated from dislocation of the hip or 
hips 

Blockey separates the congemtal type of coxa vara 
associated with shortening and bowing of the femur, 
from infantile coxa vara in which the deformity de 
velops after birth He found trauma and fracture of 
normal weakened femurs to be the cause in the ui 
fantile type 

Coxa vara is readily detectable in the roentgen 
examination save in the youngest infants, in whom 
the roentgen diagnosis cannot be made satisfactorily 
The femoral neck is shifted caudad from its normal 
obliquely upngbt plane toward the honzontal plane or 

decreased angle of 90 degrees in coxa vara C, increased angle 
ol 165 degrees in coxa valga. 
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beyond (Fjg 5-68) There is a corresponding shifi 
cephalad of the greater trochanter which may as 
cend above the roof of the acetabulum m the more 
striking cases \Vhen fracture of the femoral neck is 
secondary to local disease the roentgen charges 
characteristic of the primary disease can usually be 
identified ^Vhen the obliquity of the neck is once 
shifted toward the horizontal the strain of weight 
bearing on the deformed neck is correspondingly m 
creased so that the coxa vara becomes progressively 
greater with mcreasing age 
Coxa valga is also a deformity of the femur but in 
contrast to coxa vara the femoral neck is bent up- 
ward and outivard so that the angle between the neck 
and the shaft is increased beyond the upper limit of 
normal of about 140 degrees (see Fig 5-67 C) Partial 
lateral dislocation of the femoral head out of the ace- 
tabular cavity is an almost mvanable associated find 
ing m the more severe cases Coxa valga is common 
with lesions which predispose to atrophy of disuse of 
the structures contiguous to the hip such as chrome 
injuries to the lower extremities and rheumatoid ar 
thntis in the knees or ankles Other common causes 
are the paralytic disorders such as muscular dystro- 
phies (Fig 5-69) and postpobomyehde paralysis of the 


leg In a few cases we have seen the coxa valga de- 
fomuty dimmish after return of normal muscular 
function Severe bilateral coxa valga is said to be a 
consistent finding m progeria (Hutchmson Gilford 
syndrome) 

ProfrMsio acetabuh (Otto s pelvis) is a deformity 
produced by a variety of causes In children it de 


Fig S 69 -8 lateral coxa vara in an asymptomat c boy 3 years 
ol age The angle between the neck and the shaft is increased to 
nearly 180 degrees on each s de 
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beyond the Internal bony edge /g The tear drop 
In A IS obi terated in B (From McEwen et a/ ) 


figure (ab-e^ 


velops In association with such longstanding and 
decalcifying diseases as nckets rheumatoid arthritis 
and hyperparathyroidism which weaken the acetabu 
lar floor (Fig 5-70) The acetabular cavity is deepened 
owing to thinning and molding of Its walls Otto first 
desenbed the deformity in 1824 The lesion may be 
bilateral, usually in association with generalized os 
teomalacic diseases, or unilateral, m the case of local 
disease at one hip 

In the Schuller Christian type of reticuloendothelio- 
BIS, large and small defects may be found in the pelvic 
bones (see Fig 1 155) Similar pelvic defects occurin 
eosinophilic granuloma (see Figs 1 156 and 1 157) 

The pelvic girdle is swollen and osteoporotic in 
Mediterranean anemia (Cooley), in severe cases the 


heavy smaoons may exhibit a radial fanlike pattern 

in the ilia 
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more than 1 cm m length is common, and proportion 
ate differences are probably present in children The 
macroscopic structure of the kidney and renal pelvis 
IS shown m Figure 6-3 The renal parenchyma con- 
sists of an external granular cortical zone and an in 
temal, radially striated medullary zone Wedges of 
cortical substance project centrally through the me 
duUa, dividing it into smaller segments, the renal pyr 
amids The cone-shaped pyramids radiate from the 
hilus ivith their bases directed penpherally, the apex 
esorpapiUaejutcentrallymto secondary callces The 
tips of the papillae are perforated by the straight tu 
bules or papillary ducts (20-50 m number) which 
may be arranged m circular or stellate patterns The 
cortex IS thickest m the polar regions 
Renai, pelvis —The rensd pelvis is a funnel shaped 
collecting pouch with its base in the renal sinus, (he 


pelvic apex is directed mediad, forward and down 
ward into the ureter During infancy most of the re 
nal pelvis lies ivithm the renal smus, in childhood 
and later, about one half of the pelvis is outside the 
smus (see Fig 6-1) Usually the pelvis branches mto 
three major calices which m turn subdivide mto the 
mmor calices These subdivisions of the pelvis are 
highly variable in different individuals and on the two 
sides of the same individual (Fig 6-4) Sphinctenc 
mechamsms exist ivhere mmor calices jom the ma 
JOT, where major calices enter the renal pelvis and at ^ 
ivhat can be considered the ureteropelnc junction 
According to Wmdholz, variable amounts of fat sur 
round the renal pelvis mthm the kidney and may 
affect the configuration of the pelvis The amount of 
fat reflects the general nutritional state much as does 
the pemenal fat. it is more abundant m well nour- 


Fig G-4 -Vanalionstn the size and branchings of normal renal pelves 





756 / SECTIONS Urinary Tract and Adrenal Glands 


ished adults than In the young, thin or undemour 
ished “Spastic,” empty calices may be due to com 
pression by penpelvic fat if obesity is present In 
crease in penpelvic fat has been descnbed In atrophic 
lesions of the kidney 

Ureter -The tubular ureter begins at the apex of 
the pelvis and passes caudad to the bladder, travers 
mg the bladder wall obliquely and terminating in the 
ureteral onfice at the supenor lateral angle of the ves 
icular tngone The ureters of infants are relatively 
shorter and mder than those of adults The large 
normal ureteral smus just above the crest of the ilium 
m infants should not be mistaken for an abnormal 
dilatation The oblique course of the ureter through 
the bladder and its muscular attachments to, and 
support by, the wall of the bladder (Fig 6-5) are relat- 
ed to problems of vesicoureteral reflux and pro- 
cedures designed to correct it The stimulus to ureter 
al penstalsis seems to be a stretch reflex of the 
smooth muscle wall Reflux may be potentiated by 
this mechanism when the ureterovesical junction is 
mcompetcnt 

Bladder -The unnary bladder is a muscular bag 
lined with mucous membrane The size of the lumen 
vanes markedly dependmg on the amount of unne 
present and the vesicular tone In mfants and chil 
dren, the bladder is an abdommal organ, it does not 
attain its adult position on the pelvic floor until about 
the 20th year As a consequence, anterolateral protru 
sions of the bladder through the inguinal nngs occur 
with appreciable frequency m normal children under 


the age of 1 year (see Fig 6-12) The high posit ^ of 
the bladder also facilitates suprapubic punctui for 
aspiration of urme or msertion of plastic catheters for 
pressure studies, injection of contrast agents anq so 
on The mucosal surface of the bladder is smtioth 
when the bladder is fully distended When the bladder 
is contracted, the mucosa is thrown into numerous 
folds or rugae which may be mistaken for musci^iar 
trabeculation m roentgenographic and cystoscopic 
exammations The tngonal mucosa is firmly attached 
and IS smooth In all normal conditions The tngonaj 
muscle IS continuous with that of the internal spl%]c 
ter and functions with ft as a umt The interuretenc 
ridge represents the cephalic border of the muscle of 
the tngone The muscle bundles of the bladder are 
now considered to be a complicated network vvuh 
connections at all levels so that traditional division 
into three layers is not vahd True bladder sphincters 
probably do not exist, as the muscles of the bladder 
neck and postenor urethra are continuations of the 
comphcaied detrusor muscle However a circular 
fundus nng is present as a functional and anatohuc 
stnictuie and is denved from a circular layer of blad 
der muscle extending from just above the tngi)ne 
down to the area antenor to the internal urethral 
onfice 

Urethra - The urethra emerges from behind 
above the most dependent portion of the inferior Su^ 
face of the bladder It is subdivided transversely m 
the male, into proslatic, membranous, bulbous 
cavernous portions (Fig 6-6) In the female the Ure- 


Sig 6 S -Diagram of uraterovesicular junction showing btaO- 
dar empty (leR) and full (right) Note two simg layers support 
<ng the intraveaioutar segment of the ureter The ureter lies on 
these supporting structures but is net attached to them Waidey- 

BLADOER EMPTY 


ers sheath which does attach the ureteral wall to the blaq^sr 
muscle shortens as the bladder Mis and anchors the ureter to 
the roof of the ureteral hiatus (Mod tied from Hutch ) 

BLADDER FULL 


Uielrile circular 
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Fig 6 6 -The normal urethra showinglhevanationsin caliber of the diherent eegmente 


thra telamely broad and short The urethral mus 
cles, continuous tvith the detrusor of the bladder, are 
arranged in an internal longitudinal and outer ob- 
lique or circular layer. In females, both extend the 
enure length of the urethra, terminating in hbrous 
tissue near the external meatus In males, the inner 
longitudinal portion is practically limited to the poste 
nor urethra. 

The external sphincter is made up of striated mus 
cle from the pelvic floor and extends a variable dis 
tance proximal and distal to the middle third of the 
female urethra In the male, it is related to the pros 
tatic and membranous portions Details of bladder 
and urethral muscles can be found m the pubhca 
bonsof Woodbume and of Tanagho and Smith 
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Normal Roentgen Appearance 
In plain Aims of the abdomen, the edges of the kid 
ney may be outlined when there is sufRcient penrenal 
fat The edges are better visuahzed in children over 5 
years than in younger ones, and in infants 
The centra] fat tissue of the kidney (penpelvlc fat) 
IS visible, when present in adequate amount, as a 
roughly triangular area with a saw tooth base direct 
ed laterally The irregular configuration of the base 
IS produced by the extension of the penpelvic fat 
between the renal pyramids into the columns of 
Bertin Visualization is enhanced during the nephro- 
graphic phase of excretory urography, lammagraphy 
at this time clearly delineates the fat shadow 
The approximate size, shape and position of the 
normal kidney can be estimated from plam films 
when visualization is satisfactory (Fig 6-7) Flatten- 
ing of the lateral border of the upper half of the left 
kidney is common and has been attnbuted to pressure 
from the adjacent spleen Occasionally the bladder is 
visualized on plain films as a water-density image 
between the gas filled loops of the bowel and the bony 
pelvis The normal pelves, ureters and urethra are not 
visible in plain films 

The channels of the unnary tract are visualized 
roentgenographically only after they have been filled 
with an opaque or radiolucent (gas) medium for con 
trast density The contrast agents devised for excreto- 
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Fig 6*7 (above) -Roentgenographic appearance of nortrial kidneys In 
a patient 10 years of age The edges of the kidrteys are vis bte owing to the 
contrast of the marginal shadows of diminished density cast py ine 
penrenal fat 

Fig 6 8 (right) -Normal excretory urogram In same patierit as in Figure 
6-7 The renal pelves bladder and portions of the ureters artjuown The 
portions not shown are in systole at the moment of exposure Nofe the 
increased density (nephrogram) of the kidneys as the contrast material 
traverses the vessels and tubules 



ly urography have proved to be the most satisfactory 
for retrograde injection as well, owing to their high 
roentgen density, their freedom from local tmtative 
action and their general tack of tone effect when 
absorbed 

Excretory Urography 

Organic compounds, containing varying amounts 
of iodine, can be injected into the blood stream, they 
are then selectively excreted by the kidney m suffi 
cient concentration to render the channels of the un 
nary tract visible roentgenographically (Fig 6-8) The 
kidneys themselves also become more opaque during 
the excretion owing to contrast material within the 
abundant capillaries as well as that Halving through 
the renal tubular system. Measurement of kidney size 
consequently becomes more certain during the neph 
rographic phase of excretory urography O Connor 
and Neuhauser have shown that increased density of 
the entire body can occur when large doses are inject 
ed rapidly, they believe this is a consequence of vas- 
cularity and flow rates of blood containing contrast 
material through various regions and organs of the 
body Nonvascular masses (e g cysts, infarcts, etc ) 
in abdommal organs other than the kidney may be 
recogmzed by their relative radiolucency during this 
phase of mtravascular loading Excretion into the 
unne is by both glomerular filtration and tubular ex 
cretion, the tn lodmated forms now m use are esctei 
ed mainly by glomerular filtration In the blood, some 
degree of protein binding takes place, but, m general, 
the agents used for excretion in the urinary tract bind 


poorly with albumin m companson with those used 
for excretion in the biliary tract 
Although the radiographic contrast In the unne is 
dependent on the plasma concentration of the medi 
um, the maximum unnary concentration of about 15 
Gm/100 ml means that very high plasma levels can 
only cause an increasing osmonc diuresis without 
increasing the urinary concentration. Standan and 
associates, using very large doses (5 ml/kg), m infants 
demonstrated an elevation of serum osmolality which 
reached a peak 90 seconds after the injection and 
was associated with a measurable decrease m hema 
toent Fluid was apparently drawn mto the vascular 
compartment from the extravascular spaces, causmg 
hemodduQon and relative hypoelectrolytcmia The 


Fig 6 9 -The normal calix showing its goblet shape in the 
fining phase (left) and emptying phase (right) (According to Nar 
ath) 
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Fig 6 10 —Drawing illustrating the synchronous action of 
the muscles during the filling phase (left) and emptying 
phase (right) (According to Narath ) 


values tended to normalize within 15 minutes after 
the injection, but complete normality did not occur 
unol 4 hours after the nyection Sodium salts of the 
iodine<ontaming compounds axe apparently more 
,( tone to cerebral and myocardial ussues than are the 
^ methylglucamine salts, especially during rapid iiyec- 
Qods as in angiography Benness and subsequently 
others have shown that the sodium compounds axe 
associated with less diuresis than the methylgluca 
mate compounds and may provide better vlsualiza 
hon of renal pelves and their divisions No recog 
nizable difference in the diagnostic quality of roent 
genographic examinations with methylglucamate 
diatnzoate and with a mixture of sodium and methyl 


glucamate diatnioate could be found by Nogrady 
and her associates m very young infants 
The unne is transported m the unnary duct system 
by descending peristaltic contractions beginning m 
the renal pelvis, unnary movements are controlled by 
sphinctenc action at several levels (Figs 6*9 and 6* 
10) The physiologic changes m the shape and caliber 
of the unnary channels dunng the systoUc and dias- 
tolic phases of these movements, and local segmental 
contracQons, have been described ui detail by Nar 
aeh. they should be taken mto account m the estima 
tion of abnormal dilatations and stenoses (Fig 6*11) 
With the substances now available, papillary ducts 
are occasionally delineated as Ane streaks m the tips 


FI 9. 6 11 —Tracings ol excretory urograms showing the phys 
>oIogic changes in shape and volume during systolic anddiastol 
'C phases of contraction A, the renal pelvis of a girl 7 years of 
age showing the diastolic or collecting phase B. the same rerral 


pelvis 10 minutes later during the systolic or emptying phase C, 
the right ureter m systpl C phase mapatientll years of age D, 
10 minutes alter C was taken the ureter is m the normally dilated 
diastolic phase 
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Pig $-12.— Transitory hernias of the bladder ( bladder ean *) ol age (F<gs 6-12 and 6-13 courtesy of Drs R Parker Allen and 
In normal infant A, bilateral (arrows) in a heatthy Infant A Virg I Condon Denver Colo ) 
months of age B, unilateral (arrow) In a healthy Irtfartt 3 months 


of the pyramids Invagmatmg the minor cahces The Patients with obscure abdominal pain, malformations 
passage of peristaltic waves down the ureter pro- of the external genitalia and especially, abdominal 

duces transient discontmuities in the column of con tumors also may benefit from excretory urography 

trast laden unne within it At certain levels the dis- Whenever contrast agents are injected into the blood 
continuities are more persistent because of contiguity stream for nonurologic reasons, as for angiography of 
to anatomic structures These levels Include the site any body area, a film of the abdomen obtained within 

where the ureter crosses the psoas muscle, the site of 30 minutes may provide unexpected diagnosoc divi 

crossing the Iliac vessels and. in the female, a site dends Excretory urography demonstrates function 

possibly related to the position of the broad ligament better than retrograde urography and is simpler and 

During the accumulation of contrast material and safer, the detail of the renal pelves and their finest 

unne m the bladder, the vesicular shadow gradually divisions Ss very clear Excretory urography is in itself 

becomes more opaque increases m volume and a rough test of renal function, both of glomerular fil 

changes shape Transitory herniation of the bladder traoon and of tubular excretion However renal 

(‘ bladder ears’*) can be seen m normal infants when pelves of different sizes will have difierent radiodensi 

the bladder is incompletely distended (Figs 6-12 and ties with the same concentrauon of contrast matenal 

6>I3) Superimposinon of matenal in the rectum may (Fig C-14) moreover, aparadoxlcaimcreasem densi 
cause confusing shadows ty may occur when renal blood flow is diminished on 

Excretory urography is one of the most valuable one side, as in some instances of renal hypertension 

procedures m pediatric roentgenology and is the only The diminished glomerular filtration on the affected 

radiographic approach to many pediatnc problems side results in a relatively increased tubular resorp- 

Its use is indicated in any patient in whom vjsuabza ttonofSvaler ani & spurious increase mconcentzaaoa 

non of the urinary tract is desirable (except for a few of the contrast matenal Araplatz has recommended 

contraindications mentioned later) It is a routine the intravenous administration of urea m a large vol 

procedure in the investigation of unnary tract infec ume of saline to exaggerate the differenual renal 

tion, hematuna dysuna, enuresis and albuminuna. blood flow m unilateral renovascular disease The 


Fig. S-13 -Transitory 1 lling ol hernia of the bladder ( btadOer at protection The ventral extension ot the bladder ear 
ears ) in a healthy infant 3 months ot age A, frontal and B, later shown in B 



well 
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FI9- 6 U -Normal clif>erenc8 in appearance on the left and 
nght sides in a normal child *0 mornhs ot age The larger lelt 
pelvis casts a more dense shadow because >t contains more con 
trast matenat than the smaller nght pelvis although concentre 
t ons of contrast matenal are probably similar on the two sides 
Vanatiofts in density from side to side may retiect phyvotogtc 
alterations in size of the pelvis due to muscular activity 

urea and salute are injected after a large dose of con 
tiast matenal has produced good renal opactflcation 
The kidney with adequate glomerular filtration tViU 
flush out the dense contrast material the kidney with 
poor circulation, presumably responsible for the hy 
pertension, vnll be unable to respond to this increased 
water load Lesperance and associates recorded both 
false positive and false negative observations when 
comparing mtravenous urography and urea diuresis 
selective renal arteriography for the identifica 
Uon of hypertension presumably due to renal artery 
stenosis 

The excretory method formerly was considered 
hazardous and usually was unsatisfactory when re 
nal function was poor, as indicated by an elevated 
nonprotem mtrogen content of the blood Expenence 
with the newer tn lodinated compounds and with the 
large doses utilized in cardiac and vascular examma 
tions together with careful deliberate study of indi 
viduals with nitrogen retention has indicated not 
only that the nsk apparently is less than believed but 
that important diagnostic mformaOon can be ob- 
tained in conditions previously considered outside the 
province of excretory urography Larger doses of con 
hast matenal are now bemg used with rapid utjec 
hons and with repetition once or even twice during 
examination in which contrast excretion is imtial 


ly inadequate and if adverse reactions are bemg en 
countered they are rarely reported Fatal overdoses of 
contrast medium in infants have been associated 
with grossly excessive dosage As m any medical pro- 
cedure the nsks m a given case must be weighed 
agamst the benefits but the improving relationship 
between nsk and benefit would seem to enhance the 
scope of excretory urography 

Careful studies of the effect of high dose urography 
m individuals with impaired renal and hepatic func 
tion have indicated that diagnostic examinations can 
be performed with doses not greater than 2 ml/kg 
Higher doses not only do not provide improved urme 
concentration of contrast medium but are associated 
with unpleasant systemic sensations 

The availability of hubless needles and plastic cath 
eiers and the trammg of physicians in techmcs of 
vempuncture make obsolete the use of subcutaneous 
or mtramuscular injections of contrast agents for 
excretory urography Usually a small vem can be 
found in the scalp, the dorsum of a hand or foot or the 
volar aspect of the wnst Even m a grossly obese or 
edematous infant a satisfactory vem can be isolated 
by surgical exposure In the newborn the umbilical 
vessels provide an additional route for careful mtro- 
duction of contrast agents for both angiography and 
excretory urography 

A ngid routine for the sequence of film exposures is 
not essential in excretory urography At the Cmcm 
naD Children s Hospital a preliminary film is made 
with a tape containing opaque metal markers adja 
cent to the panem correspondmg to marks made on 
the patient’s skin (Fig 6-15) TVhen the prelimmary 
film is inspected pnot to the intravenous injection 
the radiologist indicates to the technician the num 
bers between which the ladneys are found The first 
film IS then exposed with the x ray beam limited by 
the collimator to the area between these numbers 
This film IS exposed approximately 3 minutes after i 
the injection is completed and is usually helpful only 
for visualization of the kidneys and pelves rather 
than the ureters and bladder The second film usually 
taken at 8 or 10 minutes mcludes the enure area of 
interest again, and each film is inspected before the 
tune for the subsequent film is decided In this way. 
variations of techmc to take advantage of special 
projections, decisions to inject a second dose of con 
trast matenal and other maneuvers to obtain ade 
quate informaUon from a single examination can be 
accomphsfaed just as the radiologist modifies his gas- 
trointestuial examination with spot films special 
projections and so on In fact fluoroscopy and cine 
fluoroscopy should be utihzed whenever indicated m 
excretory urography as well as in gastrointestmal 
examinaUons 

Nogrady and Dunbar observed delayed concentra 
non and prolonged excreuon of urographic contrast I 
medium in the 1st month of Me Optimal visualiza , 
non of the upper unnary tract occurred at 1-3 hours 
after the intravenous injection of the contrast maten 
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al In infants under 1 month of age after the uuual 
total body opacification films are obtained films at 1 
2 and 3 hours may provide more information than 
films at 10 or 15 minute intervals during the first 
hour 

A prolonged nephrogram m infants and children 
following intravenous Injection of eanaast agents 
may be a consequence of precipitation of Tamm 
Horsfall protein within the renal tubules and transito- 
ry block This possibility Is supported if there is an im 
tial flash filling of the pelvicalyceal system and 
then a dense nephrogram which may become pro- 
gressive up to 24 hours The Tamm Horsfall protein is 
produced in the renal tubules and is precipitated by 
bypertomc solutions such as unne containmg con 
trast matenal Durmg the recovery phase, the conduit 
system again becomes visible and large amounts of 
the protein are found m the unne In the interval of 
relative anuna affected children rarely show any 
adverse signs or symptoms 
The large amount of gas normally present in the 
small intestine of the infant is a troublesome factor 
which mterferes with satisfactory visualization in 
many cases This gas is derived principally from 
swallowed air and may appear suddenly and increase 
before or during the examination Elaborate prelum 
nary dietary and evacuant measures to reduce intes- 
tmal gas before the exammation are usually ineffec 
nve In children over 5 years of age fluid intake 
should be limited during the 12 hours precedmg the 
injection Limitation of fluids in mfants during the 
1st month of hfe and in children under 5 years is mef 
fective and not wise as the discomfort caused by 
thirst induces crymg and swallowing of air For very 
young infants, and even for older children it is help- 
ful to have an mtravenous needle m place prior to the 


preliminary film, a saline dnp is maintained at a slow 
enough rate to keep the needle open, and subsequent 
injections can be made into the tubing or through a 
three-way stopcock in the system without disturbing 
the child Should a systemic reaction take place the 
vascular compartment is immediately available for 
medication 

Dosage with the diatnzoaie compounds in relation 
to body weight is appreciably higher in infants and 
children than m adults Doses recommended by 
MacEwan and colleagues are 10 ml up to 6 months of 
I age 10-15 ml from 6 months to 2 years and 15-30 
ml from 2 years to adulthood The amounts are fre 
quently doubled in infants and younger children es- 
peaally when preparation has been poor and second 
injections have been used with success a few hours 
after an initial injection had failed Standan and as- 
sociates recommended doses up to 5 mbkg in young 
infants we seldom use more than 2 mi/kg although 
this same dose has been repeated after about 15 mm 
utes In adults visualization was not improved with 
doses above 2 ml/kg and severe discomfort occurred 
regularly after 4 ml/kg It is difficult to ascertain 
whether infants are less susceptible to discomfort 
with large doses or less able to express their discom 
fort The contribution that unrecognized discomfort 
might make to the subsequent course of a sick mfant 
IS unknown notwithstandmg the immediate satis 
factory condition of infants given the larger doses 

Smce Matthei reported the advantage of distending 
the stomach vnth air immediately after an mtrave 
nous injection of contrast matenal for visualization 
of the kidneys, most pediatnc departments have ar 
ranged to provide a feeding for an infant or a bever 
age for an older child The bquid not only quiets the 
child and diminishes crymg thus faciLtatmg the 
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Effect of I qu d feed ng after int avenous njeci on 
I « .k “ matenal n excretory urography (n A the p e> m nary 
' "'afe'' a' 'n the right a de of the abdomen $ re- 

an enema gven the prevous day The 
ii»r ??? present would seem to preclude sat sfactory v s 
‘ on Of the k dneys In 6 taken 17 m nutes after ntravenous 


inject on of contrast mater at the a r swallowed w th the formula 
ofle ed as soon as the nject on was completed d stends the 
stomach d sp aces the intest nal gas and prov des excel ent v s- 
wa lat on The pat ent should be ma nta ned n sup ne pos t on 
to mpede passage of gas f om the stomach 


^ water trap for the air 
ow^ with it so that much of the stomach is 
the detail of the renal pelves 
“ be seen as through a mndow (Fig 6-16) Berdon 
associates recommend the prone position for 
TouUnely we have found it of value as 
nnn. position when excessive gas is present 

the child supine (see Fig 3-81) 
dren Pyelography is rarely required in chil 

. ^"‘^^‘^3Dons exist a satisfactory result can be* 

per k f a dose of 4 ml of the 50 or 60% solution 

5% 5^ weight diluted with an equal volume of 

tv mixture is allowed to flow by gravi 

die a°i ^ rapidly as possible through a nee- 

Film« ^ feasible (hopefully 18 or 20 gauge) 

dose ®^osed when approximately half of the 
at material has been infused and again 

euon of the infusion Subsequent films may 
jjQ , indicated by the degree of opaciflca 

cnli<wfi^ extent of delmeation of the 

coition system 

gjigj® pelves ureters and bladder are generally 
tjg,. some urme at the time excretion of con 
begms Nogrady and Dunbar have 
al im, that the excreted contrast maten 

the heavier than the urme tends to settle under 
' ual urine which forms a layer over the con 


trast matenal These flndings are exaggerated when 
there is pathologic dilatation of the unnary tract and 
an increased amount of retamed unne As a conse 
quence the most dependent supenor and posterior 
caJjces of the kidney seem to fill first and with great 
est concentration m the child who is lymg on his back 
(Fig 6-17) Furthermore spurious narrowmg of the 
ureteropelvic junction can be produced by contrast 
matenal spillmg over in a thm stream from the dilat 
ed pelvis into the dilated ureter both of which are at 
a lower level than the ureteropelvic junction Depen 
dent layermg of contrast matenal m the bladder m a 
recumbent child may also give a very false idea of its 
size and shape (see Fig 6-22) The rapid injection by 
ureteral penstalsis of contrast-containmg urme mto 
a bladder contaimng radiolucent unne gives nse to 
the jet phenomenon (Fig 6-18) Although this has 
been considered by some to be abnormal Dunbar’s 
studies mdicate that it is a normal phenomenon The 
transitory herniations of the mcompletely filled blad 
der through the ingumal canals knoivn as bladder 
ears are a normal vanation m the 1st year of life 
(see Figs 6-12 and 6-13) Frequently the concentra 
non of excreted contrast matenal in the bladder is 
sufficient for visualizaoon of the urethra m films tak 
en dunng voidmg (Fig 6-19) The specific gravity of 
unne is spunously mcreased at times to unusually 
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rig 6 18 - Jet phenomenon donng czc'eto'y ofogrephy 
Peneta t c wave has empt ed the upper port on of the ureter and 
forced urine and cont asf mafenal out the wreieref onf ee 
Stream ng cl heavy contrast laden unne through res <Juat ur rw 
n Bladder causes let Arrow nd cates probables teol ureteral 



high values as long as contrast matenal ts present 
within It The contrast agents in urine may also pro- 
duce a Mack copper reduction reaccon like that 
which occurs in alkaptonuna. 

Excretory urography is generally safe but may be 
hazardous m some circumstances Several deaths 
atmbutable to the technic have been reported Ana 
phyiactoid shock is thought to be the cause of most of 
the immediate deaths injury to vital organs by the 
J iodine IS the usual explanation for the delayed deaths 
Tests for hypersensitivity to the contrast matenal 
have not been helpful in identifying patients who will 
have reactions intzadermal ocular sublingual and 
intravenous tests have been used m various clinics It 
IS imperative to ask whether the paoent has had any 
reactions wih previous injections and if there is any 
history of asthma or other allergic manifestations If 
so diagnostic procedures other than mtraveneus 
urography may have to be considered but if the mtra 
venous examination is of significant importance it 
may be undertaken with careful precautions Prelum 
nary administration of antihistamines has been sug 
gested an emergency tray should always be at hand 
and should contam anticonvulsant drugs antihista 
mines respiratory stimulants and instruments for 
artificial respiration thoractomy and heart massage 
Urticarial reactions usually resjxind to epinephrme 
(Fig 6-20) with severe anaphylactoid reactions the 
only hope is to maintain circulation and an adequate 
airway 
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^3 6*20 —Reacton to Int avenous urography Between 3 good pete vsua aalon (A) suggests that ma ked spasm of 
m note (A) and 8 m nute f m (B) severe un car a deve oped Ep smooth musete of the pelv s and ureter took p ace du ng the 

hephnne was g ven subcutaneously just befo e B was made react on but was re eved by the t me the 20 m nute f m was ex 

C n cal response was sat stactory and the 20 m nute t Im (C) was posed 
wwn to comp ete the exam nat on The neph ogram (B> after 
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Cystography 

Examination of the bladder by filling it with con 
trast material is a valuable procedure at any tune and 
especially when there is lower unnary tract obstruc 
lion or evidence of impaired renal function A cathe 
tet ts Itiserted utidet sterile precautwws advantage 
should always be taken of the position of the catheter 
to obtain uiuie for culture and analysis The same 
substances used for excretory urography can be dilut 
[ ed up to twice their volume with distilled water they 
j are better tolerated than is sodnim iodide and some of 
1 the older preparations devised for retrograde exami 
nation Contrast material is allowed to flow m under 
gravity pressure until the patient has a desire to void 
or untif objective evidence of impending voiding is 
noted This evidence may be imtability straining 
dorsiflexion of the great toes as descnbed by Kiell 
berg or actual voiding around the catheter Ideally 
filling should be observed by intermittent image-in 
tensification fluoroscopy and pathologic changes if 
they are noted should be recorded by cinefluoroscopic 
methods In this way one can differentiate between 
low pressure reflux and high pressure (during void 
mg) reflux which may have some beanng on manage 
ment and prognosis Adequate examination can, 
however be performed with senal spot filming and 
70 mm and 90 mm cameras may be the recording 
aparatus of choice The mtioducuon of pulsed radia 
tion has greatly diminished radiation dose Pressure 
can be recorded through an additional small catheter 
even during voidmg Bryndorf recommended transab- 
dommal bladder puncture and introduction of a small 
plastic tube through the needle which is then with 
drawn over the tube for voiding cystography m young 
infants Filling of the bladder is better controlled and 
voiding films can be obtained at will The method 
would seem to be especially valuable in instances of 
infoasesical obstruction which do notpemut easy ret 
rograde passage of a catheter The method would also 
permit the recording of pressures throughout the pro- 
cedure and the tubing can be left in place for supra 
pubic drainage Extensive abnormal dilatation of the 
unnary tract with reflux can often be demonstrated 
by cystography when excretory urograms made just 
before or after show httle or no pathologic change 
(Fig &-21) With the high doses he has recommended 
in excretory urography Dunbar obtains adequate 
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densities of contrast material m the bladder for void 
8 cystourethrograms at the completion of an excre 
‘ory urogram 

Childrens Hospital it is routine to 
an , ® introduction of the contrast material by 

thimio^*^^^ ® (Ascendent) Lipiodol 

emnfi as recommended by Young Jf 

exam ^ bladder is not complete dunng the 

® “P 24 hours later shows 

comolpf ? ^ child was unable to empty the bladder 
unabJp ^ j interval or whether he was only 

22) T»ip° ° examinaUon (Fig 6- 

lu the M will have no residual Lipiodol 

been ® taken 24 hours after it has 

there h K Residual Lipiodol indicates that 
>be t>en^ V continuous residual unne throughout 
parent d examinations and reflux not ap 

th exammation may be recognized 

Pelvis ^ P^^ence of opaque oil in the ureters or 

®ict^nu^^ films demonstrate the mechamcs of 
a^atomi ^ taken dunng voidmg provides 

c delineation of fine valve structures and 


other changes which cannot be detected m the inch 
vtdual frames of a film strip The momentary inter 
ruption of the motion picture film to obtain the spot 
film has not been objectionable m our hands and the 
spot film has provided fine detail which is lackmg m 
the movie 

In the enthusiasm for exammafion of the lower 
urinary tract by this valuable technic one should not 
lose sight of the direct radiation being received by the 
gonads 

When voiding cystourethrography is undertaken 
in the recumbent female the vagina fills almost in 
variably dunng the examination (see Fig 6-57) Ex ' 
ammations done in the erect position are easier for 
older children and eluninate this occasionally con 5 
fusing shadow The placing of a towel or pad between 
the labia will also prevent vaginal reflux A true 
lateral or steep lateral obbque position is required 
to demonstrate the structures of interest in a voiding 
cystourethrogram 

Double contrast cystography is said to provide de- / 
tail of bladder mucosa not achieved by standard tech / 
mcs 
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Fig 6 22 —Use ot Ascendent Lipiodol lO cystourethiography 
A globules of Ascendent Ljpiodol oirtl ne the dome of the Wad 
der while diatnzoate contrast med um outlines the dependent 
portion of the bladder B. Wmof the abdomen 24 t>ovrs after cys 
tourethrography Res dual Lipiodol still outlines the bladder 

Retbockade Urography 
With the unproved detail provided by the excretory 
contrast agents now available fewer retrograde ex 
anunations are being made Ureteral catbetenzation 
for determination of differential renal fimcbrai, for 
differential cultures and for anatomic demonstration 
in instances of unilateral nonfunction still has an 
important role in diagnosis The various types of arte 
facts produced by retrograde examination— air bub- 
bles pyelocanahcular and pyelosinus back Sow and 
sinolymphatic and sinovenous absorption— should not 
be forgotten because they will occur in the occasion 


dome C, lateral horiionlal beam film correspond ng to A. The 
Ascendent Lipiodol floats on the radiolucent unne wh le the 
heavier diatnroale agent settles in the dependent portion of the 
bladder under the radiolucent unne layer The patient had meatal 
stenosis and residual urine 

al retrograde examination But other anatomic abnor 
roalities are sufficiently well demonstrated by excre 
tory studies to require no additional description here. 

Retrograde urethrograms have been made much 
more feasible m the male by the technic described by 
Lucaya Aplastic catheter is inserted l-2cmmtothe 
external urethral meatus and is fixed m fiosition with 
the onfice sealed by allowing collodion to drop over 
the area. The collodion dries almost immediately 
leaving a thin film covering the glans and extending 
onto the catheter just outside the meatus (F ig 6-23). 
Utologic contrast agents can then be injected from a 
synnge attached to the end of the catheter well out 
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P'asUc Mfh I'fetf'fogfaphy Lucaya technic A the these slnictufes The major portion of the contrast agent flows 

ang . .‘J®’®' inserted about 2 cm into the urethra through the f stula into the rectum The d agnosis is therefore 

the gians Th^ collodion which covers the catheter and mperiorate rectum with rectourethral fistula C, diagram of B 

®^opofd •o™'ard obscuring the gians a O mperforate anus was the clinical dagnosis Inverted film 

fetroqran"*'* 'S suspended from it B spot f Im dunng showed gas extending below the pubococcygeal I ne The retro- 

infant with imperforate anus Filing g ade urethrogram demonstrates a patent t stula andthedagno 
'lledthahi ® mperforate rectum Arrow indicates the area of the exter 

hiadder and posterior urethra interfering with flow into nal sphincter (A courtesy of Radiology ) 


fluom * radiation The injection is monitored 

films or cme films are ob- 
Taluabf* indicated The technic has been extremely 
cathei ^ infants in whom retrograde passage of a 
ajjj V cystography could not be accomplished 
Qf rect* particularly helpful m the identification 
fistulas m association with congeni 
lowm anus It should have application fol 

cedu4 trauma At the completion of the pro- 

wjfjj a fi collodion film is gently lifted 

Petnuth™^^^ remainder peels away easily 
voiH.« ® spontaneous voidmg and registration of 

cystourethrography as well 


Special Examinations 

Aortography and renal angiography —These 
procedures in infants and children are best earned 
out by passage of a catheter to the proper level of the 
aorta from the femoral artery Transabdominal punc 
ture is generally unsuccessful until the late teens 
because of the relative small size of the aorta and its 
straight position along the antenor border of the ver 
tebral column before that age Even in very young 
infants percutaneous techmes have proved feasible, 
but considerable skill is required m the cannulization 
of their mmute vessels Reports on transfemoral arte- 
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nography in infants should be carefully reviewed for 
all aspects of the technic of examination The exam! 
nation should be concluded as quickly as possible 
because the incidence of occlusive compbcations in 
creases tvith the time that the catheter remains with 
in the artery During the 1st week of life the passage 
of a catheter into the umbilical artery provides a 
ready and relatively safe route of access to the aorta 
The possibility that a clot within the umbilical artery 
tviU be dislodged and pushed into the iliac artery from 
whence embolization into the femoral can take place 
cannot be overlooked especially if there is difficulty 
in passing the catheter In such cases retrograde 
brachial injection may be used for examination of the 
descendmg aorta and its branches Renal arterio- 
venous fistulas following percutaneous biopsies have 
been demonstrated by angiography (see Figs 6-68 and 
6-81) Whenever angiographic studies are under 
taken subtraction technics can be used to provide 
greater secunty in the recognition of vascular pat 
terns 

Nephrotomographv — Following the rapid litjec 
tion of a relatively large amount of contrast maienal 
Into the renal artery or aorta (and even into the vas 
cular compartment on the venous side) the renal 
parenchyma becomes opaque probably due to the 
flooding of the extremely well vascularized tissue of 
the kidney with the contrast agent The massive opa 
cification of the kidney is called a nephrogram and 
the contrast tends to ^sappear as excretion into the 
pelves takes place if at the time of this diffuse flush 
the kidney contains nonvasculanzed structures such 
as a cyst or a less regularly vascularized tumor these 
structures are outlined b'y the more opaque vascular 
ized kidney parenchyma. Body section roentgenogra 
phy has been utilized m adults to demonstrate radio- 
lucent areas surrounded by radiodense vasculanxed 
renal tissue there has been little expenencc with this 
technic in children but in appropnate mstances the 
method may have value 

RisStQtwtovtscaN —In mstances of unequal renal 
function and especially when there is a possibibty of 
renal hypertension from a unilateral hypoplastic and 
poorly vascularized kidney the renal blood flow on 
the two sides can be compared by the injection of io- 
dized substances excreted promptly and exclusively 
by the kidneys which have been made radioactive by 
the addition of iodine-131 or to minimize radiation 
iodine 125 Such a procedure with appropriate instru 
mentation may result m appreciably less radiation to 
the child than would an excretory urogram or an aor 
togram However the procedure should not be under 
taken unless there is available mstrumentation of 
high sensitivity capable of measuring accurately over 
very small areas 

Ultrasoukd — Ultrasonic technics usmg probes 
devised for echoencephalography and echocazdi 
ography may provide an additional diagnostic tool 
Experience with this modality is extremely limited in 
children but m adults particularly ui combuiatitm 


with radioisotopic scans it has proved f value in 
differentiating cystic from sobd lesions 
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Congenital Malformations 
Malfomiations of the uruiary tract are among the 
most common congenital abnormalities found in m 
fants and children they are frequently multiple afid 
bilateral With many of the malformations there i® 
no dysfunction and the patients are asymptomatic 
However obstruction of unne flow and predisposition 
to infection are common concomitants of unnaf)^ 
tract malformation and the ingenuity of modeni 
surgical procedures as well as the potency of anti 
infectious drugs make mandatory the early recogJ^ 
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Fig 6 34 -Solitary kidney associated with imoerlorate anus 
and hemivartebta tJelormity o1 V. 5 Megacoion Irom anat sine 
lure consequent to surgery in the newborn period has displaced 
the bladder and caused obstruct on ol the solitary ureter as well 
as the bladder 


Gon of potentially harmful deviations from normal 

development 

Knowledge of the embryology of the urinary tract 
enhances the understanding of most malformations, 
this information is well described in available texts, 
so that only the basic concept of union of a nephro- 
genic and a ureterogemc component need be men 
Goned here The secretory portion, the nephrons, is 
derived from the metanephrogemc blastema, which 
appears before, and is subsequently influenced by the 
excretory portion derived from the uretenc hud The 
latter portion gives nse to the ureters, the renal pelves 


and collecting tubules of the pyramids, and these 
structures are most accessible to roentgenographic 
investigation 


Anomalies of the Kidneys 

Anosialies of number -When one kidney is ab- 
sent, the ipsilateral ureter is atretic, rudimentary or 
absent Absence of the ureterovesical orifice and lack 
of development of the adjacent porQon of the tngone 
are noted on cystoscopy The adrenal gland is said to 
be absent m about one third of the cases of unilateral 
renal agenesis or hypoplasia and, when present, has 
an abnormal shape The sohtary kidney is almost 
always hypertrophied, it may be ectopic A sohtary 
kidney is not unusual in association with lumbar ver 
tebral deformities, especially when there is also an 
imperforate anus (Fig 6-24) Supernumerary kidneys 
are rare, but there are reports of as many as Six func- 
tioning kidneys and ureters 

Ahomauies of foum —Sometimes the lobulations of 
the infantile kidney persist mto older childhood and 
adult bfe Flattening by pressure of adjacent normal 
organs, such as the spleen, has been alluded to 
Anomobes of fusion of the two kidneys give nse to 
distorted structures desenbed as disks, doughnuts 
horseshoes and the hke The best known and most 
easily recognized is the horseshoe kidney, ui which 
the lower poles of the two kidneys are fused (Figs 6- 
25 and 6 26) rarely, the upper poles are united and 
the lower poles separate In the more common varie- 
ty the kidneys are at a lower level than usual, and the 
lower poles are directed toward the spine The ureter 
opelvic junctions face forward or even laterad. and 
the ureters curve forward over the connecting bndge 
of renal parenchyma and swing toward the midlme 
below It The upper cahees usually are directed later 
ad in relatively normal fashion, but ibe lower cabces 
almost always project both medially and laterally 


Fig 6-25 —Horseshoe kidney showing fusion ol the 
"''enor poles spreading apart of the superior poles 
end failure of rotation The renal pelves enter the 
"loneyson their anterior aspect (Redrawn from Kelly 
end Burnam.1 
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Fig 6 26 -Horseshoe k dney The long axes of the pelves are 
parallel or converge towa d the lower poles whch a e un led 
The upper ea ces are d reeled taieial y n norma) lash on the 
lower are d reeled med ally 

when viewed In the frontal plane Obstructive 
changes ut the pelves are not unusual The position of 
horseshoe kidneys like that of other ectopic kidneys 
makes them vulnerable to trauma, so that contact 
sports are best avoided by affected individuals 
Anomalies of position -An ectopic kidney Is one 
which has never occupied a normal position and it 
should be distinguished from a dislocated kidney 
which has attained but not maintained its normal 
position Ectopia usually unilateral may be anal 


(cephalad or caudad) or medial Caudal ectopia is 
most common and the ectopic kidney may bt in the 
bony pelvis in the iliac fossa or merely low in the 
abdomen (Fig. 6-27) Cephalad ectopia is seen in asso- 
ciation with foramen of Bochdalek diaphragmatic 
hernias the kidney may actually obstruct the hiatus 
and prevent migration of the bowel and other viscera. 
Medial ectopia is often called crossed ectopia or 
crossed dystopia 

The ectopic kidney may be solitary fused vnih the 
opposite kidney (Fig 6-28) or completely separated 
from it Its ureterovesical orifice is usually in normal 
position Malrotation is almost invariable in ectopic 
kidneys During its ascent out of the pelvis the kid 
ney normally turns mediad on its long axis and the 
renal pelvis is rotated from an antenor to medial posi 
non Renal rotation is usually completed during the 
eighth week of fetal life Interference with ascent 
apparently interferes also with rotation Anomalous 
vascular supply is usually present in renal ectopia it 
probably represents persistence of caudal vessels 
which disappear during norma] ascent of the kidney 
They can be demonstrated by aortography 

In mobile kidney fixation is incomplete usually 
due to defects m fascial attachment, and the ladney 
is free to move around its pedicle Caudal ptosis on 
assumpuon of the erect posi&on is more conunon 
than medial ptosis in lateral recumbency but both 
may be associated with episodes of pam and even 
obstructive changes in the pelvis The degree of nor 
mal mobibty must be considered before attributing 
symptoms to minor or even moderate renal migration 
on change of position The left kidney lacking the 


F g 6 3? -Ectop e k dney n a poy 5 years of age n vvitom a Out n B tOe normal conf gurat on of the palv s and ea eas s 
mass was felt n tne abdomen on rout ne exam nat on in A the clear The ureteropew c junet on taoes forward nstead of antero- 
ectop 0 r ght pelv a s low and mairotated ii could be d storted med ally as on normal left s de 





Fig $ 29 -Cios$«d lenai eclop a The leit k dney has ts 
own urete but s p obabiy fused at Is upper pole w th the 
lower po e of the mal otsted r ght k dney 


(^9 S 29 -Effect of prone and sup ne pos t ons onpelvoca y 
ceal V luai lat on end apparent pos t on cf h dneys In A sop ne 
pos t on the rghi renal peiv s s obscured both pe ves are at the 
level of the 2nd lumbar vertebral body and 2nd lumbar nter 
space In B prone pos ton the ntestnalgas s d spiaced later 


ad mp ov ng V suai aat on pi both pelves The left seems d s 
placed downward si ghtly wh le the t ght a now fully an nter 
space h ghe Note the change n the projected shape of the 
b adder The subject was a g rl 6 months of age 


m 
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Fig 6 30 —Congenital cystic (disease type uncertan A, at 4 
months the streakiness and collection of contrast med urn irt the 
parenchyma suggest renal tubular ectasia The elongated pelves 
raised the question of polycystic disease B, at S years and 4 

support of the liver, appears to tip forward and * nu 
grate" caudally in the prone position to a greater de 
gree than does the nght (Fig 6-29) 

Anomalies of stsuctufe -Parenchymal lesions 
of congenital origin fall into two mam groups dyspla 
Bias (aplasias and hypoplasias) and cysuc malforma 
tions, It IS often difficult to separate the two on either 
pathologic or radiologic grounds Certain patterns can 
be identified Toenlgenographically but other features 
such as mhentance may have to be considered m 
diagnosis 

Aplasia IS characterized by the presence of a small 
malformed kidney structure with Lttle or no uro- 
graphic evidence of function In the most severe and 
fortunately most rare, forms there are one or several 
small cysthke, often calcified formations of different 
sizes m the area occupied by or traversed by the kid 
ney dunng its development Hypoplasta is character 
ized by local or regional underdevelopment but with 
some ability to excrete contrast material The bypO' 
plastic kidney contams primitive renal elements and 
even tissues normally foreign to the kidney, such as 
cartilage and striated muscle Almost identical histO' 
logic and radiographic changes have been noted in 
atrophic pyelonephritis (see p 777) and the cause- 
and effect relationship between malformation (dys 
plasia) and infection is far from clear (see also p 
801) Except m the newborn signs of infection may 
be expected m association with dysplasia, although 
the reverse is not always the case The high frequen 
cy of ‘ dysplasia’ in females has been offered as evi 
dence of noncongemtal factors m its genesis because 
of the known high frequency of infection m females 
Oligomeganephronie is a French term mtroduced 



months only the elongaied pelves are seen and the diagnos s of 
polycysiic disease seems more likely This patient probably has 
■nlantila polycystic disease 


Fig S 31 -Renat tubular ectasia in a newborn infant vrith bi 
lateral masses m the abdomen The large kidneys are diffusely 
opacified except where nohcommuniealing cysts produce lilting 
defects The pelves are poorly seen but are stretched and resem 
ble those in Figure 6*32 A contrast matenal in the bladder 
shows good concentration This film was taken 24 hours after 
intravenous injection ol contrast material First del neation of the 
kidneys occurred 3 hours efter injection and slowly increased 
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by Royer and his colleagues to describe a form of re 
nal hypoplasia m which there are too feiv nephrons 
and each is greatly enlarged Radiographically the 
kidneys may be small and function poorly in rare in 
stances the number of calices may be reduced The 
antemortem diagnosis is made by renal biopsy 
Cystic disease of the kidney appears in several 
forms some of which appear to be distinct entities 
some of which are classified ivith difficulty and some 
of which have features common to both groups From 
the radiologic standpoint bilateral renal masses in 


the newborn infant which do not transilluminate 
(hydronephrosis) and which are not demonstrable on 
excretory urography are most frequently the infantile 
mulnc^tic dysplastic type m which the entire sub- 
stance of the kidney appears to be replaced by dilated 
tubular cysts If retrograde studies are undertaken 
the pelves may be stretched somewhat as in adult 
polycystic disease but more frequently they have a 
normal appearance Most children with this condition 
die shortly after birth but some may survive mto 
childhood Delayed excretion of contrast matenal Is 



F 9 6 32 — Typ cal pattern of polycystic d sease 
Th s boy s (Dotber and maternal aunt have proved 
polycyst c dsease oT the k dneys A at 8 years the 
mtrarenal pehns s normal he vras exam ned because 
ot album RU a and the fam ly h story B 
anieroposter or andC obi que project ons of the 
same k dney at age IS Enia gement of the intrarenal 
cysts now d storts several of the cal ces and 
infund bula. The boy st II had no symptoms growth 
was normal but he had pers stent a bum nur a 
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Fig 6 33 -Classcpolyeysl CO seasewm elongated calces in a 13/ryear c’d boy who also had 
spondyloep ohyseai dyspias a ta da Note the piatyspondyiy 


common in the latter children and nephrograms due 
to accumulation and concentration of contrast mate- 
rial m the dilated tubular structures may be seen best 
m films taken 8 12 and even 24 hours after the mjec 
tion (Figs 6-30 and 6-31) It is this form which was 
reported as renal tubular ectasia by Reilly and Neu 
hauser The association of cysac changes in the 
hver in some of these cases may lead to hematemesis 
from ruptured esophageal vances due to portal hyper 
tension as the initial manifestation Cystic changes 
are occasionally described m the lungs pancreas and 
ovaries 

The adult form of congenital polycysnc disease is 
strongly famihal and frequently passes unnoticed in 
childhood However excretory urography in a child 
NClVSi VfSKJ 

close renal enlargement not so great as that in the 
infantile form of polycystic disease but enlargement 
associated with elongation and distortion of the mdi 
vidual calices (Figs 6-32 and 6-33) Frequently by 
the time this degree of distortion has taken place the 
renal function is so impaired that anatomic delinea 
non requires retrograde exaimnanon Mulnple small 
cysts may cause minimal enlargement and minimal 
distortion yet interfere significantly with renal func 
tion The bilateral nature of the condiuon and the 
strong familial history are helpful diagnostic points 
renal biopsy may be necessary for conclusive diagno- 
sis Intermediate forms in which there are associated 
hepatic symptoms and even medullary cystic disease 
(Fig 6-34) of the type seen m adults have been de- 
scribed but are relatively uncommon Polycystic renal 
disease has been mentioned as an associated malfor 
tnation of von Hippel Lmdau disease 


rg 6 3< -Seme agrammat c depet on of d ataton of tf’* 
renal tubules and iha format on of small and large cysts some P' 
wNchcommuncste d ecty with the renal pelves (FtomEvensi 
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donng feirograde urography d'verticulum did not fill 


abdominal 

bcystjc kidnev^^ln ^ hypoplastic mul 

funcnon^ demffii® ^ abnomial so that no 

urozranhv \f i. affected side in excretory 

cysts are^il Solitary 

*eypresent a/i t!" *" children, but when they are 
«nt peiv!s distorting the adja 

“ographvhaiPh^^^*^^.^^ especially nephroto- 
® cyst from tum hi adults in differentiating 

fication^f * “*■■ hut “1 most Instances the ideno 

rants detoitivT^H* substance svar 

<h'erticuU(F,e ^35^°®*® ^ Calyceal 

Wy of uifecL® pyelogenic cysts, are proba 

2^cseeninosifrJ^*^^T congemtal ongm They 
ocphnus (see Fir^Tiy V"^ chrome atrophic pyelo- 
hreak dov^ n^rh pyelonephritis 

sequendwh^ ^ *he pelvis Sub- 

PeJ'is Gro<iR cpithehalize presumably from the 
ra senal^vt^ *" seldom encountered 

Pelvis but fill , ^cy commuracate with the 

^nunations “®hly on excretory and retrograde ex 


Anomalies of the Renal 
^ Pelvis and Ureter 

rana] hdu^.c^ ureter and the pelvis outside of the 
^onialies Sp°"* i most frequent of urmary tract 
ra Figure varieties of duphcation are shoivn 

usuajjy (}jg t caudal of the two renal pelves is 

a tubula^^^’ smaller cephalic pelvis often 
ureter A resemblmg the continuation of 

s can be seen from the drawings, henv- 


ever they are occasionally of equal size ar,^ , i 
the cephalic pelvis may be the Seer MultmlS 
nsion. of ,ho polv,. ha!,, boon 
A nonfunctiomng second pelvis may be sosoeohai 

remote from one pole of the kidnev Moef f 

.s the cephahe pole wh,ch.mtTveti5T™^^^ 

uration of the incomplete caudal pelvis and caL?« 
has been described as a “ivilted flower" (Fie e!rr> 

pC^r' ~tS 

nie orew may branch and become a double lube 

s.r^^'rrr3r™r-rp^:z:'o^ 

tngone m the normal position and the onfice^tS 
ureter denved frem the cephahe pelvis enters caud^ 
to tt The lower end of a smgle or supemumerare 
ectoptc ureter may opeu mto the bladder ureS? 
.esttbtJe vagma rectum, the ejaculatory duct or tte 
vas deferens ^d seminal vesicle These structures 
rept^en. MuUemm duct denvattves „ the femL" 
and "JllHm duct derivatives m the male Occasion 
a ddated ureter and the vas form a palpable 
Uocul» oysttc mass mvolvmg the semmal vesicle 
hypoplasia or dysplasia may be associated (F g 
6^0) Ectopic onfices are usuaUy obsttucted. and dS 
ataaon of the affected ureter ,s common Some of the 
most severe obstruenons are encountered in what has 
teen called ectopic ureterocele ■• This conihaon ac 
lually represents an ectoptc ureteral orifice from a 
ure» whose most dettal pomon aaverses the sphinc- 
terof rite bladder (Figs 6-.1 and 6-12) Themusnilar 






'“"I Ouphcatim of iS d.K f. - f "0 lalmg sas .0 Ihe ,00 
« ®sanoal°c,aata,- V , "fa "Jlf a.Oo B, d.a 

apaciaa !«, ocfomc LmLc,T.*" “a"®' " 

P ureterocele £ nonopacilied cephalic 

a sever*. !1 sphincter is relaxed 

'“«er. which obstruction The dilated 

region of the "" ? ® 

•he bladder neck ureterovesJcular orifice to 

•"“^ar wS ll extemaUy by the thick 

h only by bJadH ® ^ ^ut IS covered internal 
•herefore Dilatation of the ureter 

"^er which^ hac K * “ herniation within the blad 
esQmated that a ^ ® ureterocele It has been 

“• “ifants ifd Tu °f ‘he “ureteroceles ’ 

‘^ence m girjs are of this variety, the uici 

°“s urinary tranf •" hxiys Sen 

Tearofhfe Th usually occur m the 1st 

^•°Pic uretPr * ‘he kidney drained by the 

“•^agement usLS”°*' “•''^^hly dysplastic and 
portion nf .u T squires removal of the abnor 
''hose mtravpcfo.. i® together ivith the ureter 

clarified the nmKi ^ P°t^ton is “uncapped ” Encsson 
Publications sh i j'” ectopic ureterocele, and his 

*^uent aduu consulted for details tlie in 

°tUon Or “cobra h® •^^^•ctucele, ivith its “spring 
ead ’ appearance at the ureterovesi 


Vr.nar^ Tr.ct-Conge^Ual Malfounauogs / 



soc.„„„ .iirt.on;‘r.hr„s 

fied by its charactensuc appearance ’som 

cysts almost certainly npiSem ® •"gonal 

whose cephalic and caudal portions h^ie 

dunng fetal life They present o a j^^®®"crated 

Ihe'S^Sf, obsfnfcB^"" 

In the female most ectopic ureteral nnfl,. 
fhM those associated mth “ectopic urett^ete” m 
iitconttnentas well as obslrucnve TheylJ^ei, , 
cally. therefore, vnth what passes fnr^ ‘t ^ 
nocturnal enuresis 

Congemtal malformations of the ureter i 

™ assoc, «ed tstU. obsmtchve mamfestadoTS 
are discussed later m detml „„der this headmg sSt 
tures are most common at the urefemn*.!, ® 
or the «,s.coIar ordice u. the Zone bo,™i“”™°" 
tfescrtbed’a! "high STr" 
hm of Ute ureter" ts thought by Wdhtuns fo res ", 
frotu as^medtcaj dtsteudou of ^ obsduced S 
rat Ute layerutg effect of excreted couMs, „a,eL 
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may preclude adequate visuabzation of the uretero- 
pelvic obstruction unless fUms are taken with the pa 
tient prone as well as in the routine dorsal recumbent 
posmons (see Fig 6-17) Rarely mucosal valves are 
present within the lumen and may or may not be as- 
soaated with obstruction The mucosa Itself Is in 
volved and the musculans does not extend into the 
valves 

As a result of anomalous development of the infen 
or caval system of veins one or both ureters may pass 
behind venous structures which produce compression 
and proximal dilatation of the ureter The most com 
mon anomaly is seen on the ngbt side where the ure 
ter passes behind the uifenor vena cava at a level 
between the third and the fifth lumbar vertebral 
body the distal portion of the ureter is medially 
placed and not dilated but the proximal portion and 
the pelvis are 




lumen 0 laled w th ep the al exudate C urachal remnant 

the umb I cus and closed at the ves cal end D urachal remoani 

open at the ves cal end and closed at the umb I cus 

Large closed urachal cysts cannot be visualized 
retrograde injection and present only as a mass of 
waterdensity displacing the intestines away from the 
antenor abdominal wall and occasionally impmgh’8 
on the bladder from above 

Diverticula -Diverticula of the bladder are usu 
ally associated with obstruction they are produced hy 
mucosal herruation through defects m the muscular 
wall and are actually pseudodiverocula Contraction 
of tbe bladder usually causes distention of the diver 
aculum even when obstruction is not present and 
reflux of unne from the di> emculum into the bladder 
during tbe relaxation phase is a cause of false restd 
ual unne Supenmposition of the filled diverticuhim 
on the filled bladder may preclude its identification ni 
films taken in only one projection Cmefluorograplnc 
examinations are probably most valuable m idenufy 
mg the position and nature of diverticula. A common 


Anomalies of the Bladder 

Urachal ANOMALIES —The allantoic canal between 
the umbilicus and the bladder is normally completely 
obbterated by the time of birth However it may re- 
mam open through its entire course orit may close at 
either end (Fig fr43 see also Figs 4-3 and 4-4) When 
both ends close and the mteimediate segment remams 
open a large or small urachal cyst may develop and 
become filled with exudate from the epithebal linmg 
Patent urachal remnants are situated m the iradsag 
ittal plane of the abdomen between the bladder and 
the umbibcus and are clearly delineated by opaque 
substance injected into the orifice at the umbilicus or 
mto the bladder (Fig 6-44) Retrograde injections 
through draining orifices m the umbibcus should be 
done only with as clean a techmc as possible and with 
urologic agents suitable for injection mto the blood 
stream At Umes it is impossible to tell before an in 
jection whether the mmute drainmg onfice represents 
an mcompletely obbterated allantoic canal an ompha 
lomesentenc duct or an umbibcal vein 


fg 8 44 —Patent urachal remnant (arrows) extend ng cepl’S*" 
ad Irom thesumm t of the bladde to the umb I cus cystograrr’ o 
lateral p oject on 
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Fig 6*45 —Hutch 0 vert culum of the bladder n a boy ?/> years of age w th 
urnary tract nfeclion A encrefory urography shows dupl cated system on left B 
enlargement of a c frame taken dur ng vo d ng cystpurethrog aphy (lateral 
protect on) shovrstyp cal Hutchil vert culumwih reflux C enlargement of anothe 
frame from the same exam nal on revea $ the degree of reflux and d latat ort of the 
upper peiv c system and ureter on tne left 


Rte of diverticula has been adjacent to the urctero- 
vesicular junction and the incorporation of this junc 
fion in the diverticulum sac has been recognized on 
many occasions Hutch suggested that many of these 
diterticula are a consequence of congenital or ac 
quired deficiencies of the muscular structures sur 
nunding ihe oblique canal through which the ureter 
enters the bladder (see Fig 6-5) Occasionally these 


diverticula fill only during voiding (Fig 6^5) Their 
significance lies in the fact that surgical correction 
with re-insertion of the ureter into the bladder 
through a new oblique channel Is required for ehmi 
nation of the unnary signs and symptoms related to 
such a diverticulum and the reflux commonly associ 
ated with It 

Exstrophy —The radiologic features of this condi 


Fg. 6-46 Poster Or urettiral valves proved a( surgery n two was suspected but valves were found at surgery B severe ob- 

irtants less tnarr 1 week of age A severe obstruct oft and struct ori but the bladder s not decompensated Tbs sthernore 

warXea bladder Irabeculat on The urethra f lied only when pres typ cal appea ance ot poster or urethral valves 
ure was made on the abdomen Congen tal urethral str clure 
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tion, which is usually diagnosed on inspection are 
separation of normally mmeralized pubic bones and 
secondary changes in the upper unnary tract A sur 
pnsingly large number of children may have a rela 
bvely normal upper unnary tract so that surgical 
procedures mvolving closure of the bladder when 
feasible or, more frequently, the production of an ileal 
bladder may have much to offer Occasional in 
stances of pubic separation with diastasis recti and 
ventral herma possibly represent mcomplete forms of 
the anomaly, when the skeletal mamfestanons are 
idennhed exanunation of the unnary tract is usually 
desirable (see Fig 5-34) 

Tbicosal cysts -These structures have been de 
scribed in relation to ectopic ureteroceles 

Anomalies of the Urethra 

Most urethral anomalies, whether In male or fe- 
male, are important because of the associated ob- 
struction Some such as hypospadias and epispadias, 
are best diagnosed clmically but are indications for 
evaluation of the upper unnary tract because of fre- 
quently associated abnormalities Fistulous commu 
nications with the rectum are discussed under anal 
atresia (see Fig 4 227) and fistulous commumca 
hons with the vagina are described later in the sec 
tion on the reproductive system Congenital stnetures 
of the urethra occur almost exclusively m the male, 
m the prostatic urethra they are mdisdnguishable 
from posterior urethral valves of the diaphragm type 
(Fig 6-46) The most common form of postenorureth 
ral valve is a fold of mucosa running from the veni 
montanum to the lateral walls of the urethra Rarely 
urethral valves are found in the female and may re 


semble, radiographically, posterior urethral v aJves in 
the male Antenor urethral valves are less common 
than postenor ones and occur almost exclusively m 
the male Urethral polyps are rare Diverticula occa 
slonally are found in the male rarely in the female 
The concealed diverticulum opens into the floor of the 
penile urethra and is surrounded by the corpus caver 
nosum (Fig 6-47), therefore, it is not usually recog 
nized on clinical inspection Vestigial structures such 
as a persistent utricle, may simulate a posterior ur 
ethral diverticulum According to Williams true ur 
ethral diverticula do not occur m the female in child 
hood 

Duplications of the urethra are uncommon A com 
plete accessory channel may be present, or it may be 
blind at one or both ends, or it may commumcate at 
one or both ends ivlth the normal channel (Fig 6-48) 
In the female a complete double urethra may cause 
unnary incontmence Meatal stenosis m the male is a 
clinical observation and is most often a consequence 
of ammoniacal dermatitis and poor hygiene In the 
female, meatal stenosis is of uncertain significance 
It IS discussed m the following section on unnary 
tract obstTuenons 

Most of the anomalies of the urethra are associated 
with obstnicDon of unnary flow As a consequence 
there are frequently enlargement and trabecuIaQon 
of the bladder with reflux into and dilatauon of the 
upper unnary tract as well as other features of ob- 
struction unnary retennon and superimposed infec 
lion which are desenbed in the appropnate secnons 
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Urinary Obstruclion 

and agents vvithm and conQg 
“ttnarv tract lead to obstruction of the 

nary « 6-49) Obstruction causes un 

cf “t turn, favors the perpetuation 

tion. Investigators do not agree concerning 


the loles of infection and obstruction alone but since 
both are in many instances amenable to therapy and 
either IS apparently worse when the other is also pres 
ent an attempt will be made to partition their individ 
ualcontabutions to the radiologic features The pnnci 
pal structural changes caused by unnary obsmichon 
are dilatation and elongation of the unnary channels 
above the level of the obstruction The pattern and the 
magnitude of these changes are determined by the 
level and the nature of the obstruction and the pres 
ence or absence of infection 

When obstruction is of long standmg and there is 
considerable dilatation of the pelvis and calices ex 
cretion of intravenously injected contrast material 
mav be so delayed that films taken within the first 
hour after the injection do not demonstrate shadows 
of contrast matenal In some mstances the papillary 
ducts which norm illy are perpendicular to the long 
axis of the alix are forced into a position parallel to 
the circ Tif re I e of the dilated calix Collection of 
contiast mat«na! in these circumferentially onented 
paj Uarv ducts contrasts m density with the unne dis 
tcndi IR the < tlix so that imtially the position of the 
dll (d cal v IS outlmed by a nng or crescent of in 
ere,* d dtn iiy (Fig 6-50) When late films are ob- 
tait cj VO thtee and five hours after the injection) 
th a u nu acion of contrast matenal in the dilated 
calc s H lent for the mixture of unne and con 
trast r cr I be recogrured Even when the ctes 
cent ui. i I u( present initially delayed films in in 
stances t loniuncfion or suspected hydronephrosis 
or both mav permit delineation of the dilated pelvis 
although addtoona] procedures are often required for 
ideniificauon ol the nature of the obstructing lesion 

Roentgen Appearance at 
Different Levels 

Obstruction to the calices with consequent cahec 
tasis or hydrocalLX is most commonly due to pelvic 
stones Rarely scarring following trauma or infection 
may produce infundibular stenosis Both renal ar 
tenes and renal veins may produce indistinguishable 
impressions these are most common at the base of 
the supenot group of calices (Fig 6-51) Not only is 
the affected calix larger and its fomices blunter than 
adjacent normal calices but contrast medium tends 
to remain in il while the others empty in normal 
fashion 

ObSTRUCTIOV at the UBETEROPELVIC JUNCTION — 
Isolated ureteropelvjc obstruction occurs more com 
monly in older children than in infants it is often bi 
lateral although of unequal degree on the two sides 
Urologists generally agree that dilatation due to this 
type of obstruction aifects the extrarenal portion of 
the pelvas first and that dilataUon of the calices oc 
curs relaUvely late lower unnary tract obstruction 
on the other hand is said to cause disproportionate 
dilatation of the calices and to spare the pelvis Expe 
nence with cine cystourethrography which permits 
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F>g 6 49 -Sch«<naiie representat on of oPstruct on$ of the 
unnary tract r phimoais 2 stenosis of the urethral meatus 
3 paraphimosis 4 urethral stricture 5 urethral stone 6 
urethral Oiverticulum 7 periurethral abscess 8 spasm of the 
external sphincter 0 congenital valves 10 hypertrophyof 
Iheverumonianum tOa uiethra) polyp 11 enlargement of 
the prostate 12 stenosis of the vesical outlet 13 
periprostatic Wscess U mucosalfoidstthevesiealoutlet 
IS stneture of the ureteral meatus ureterocele 18 stricture 
in the ureterovesical lunction 17 vascular obstruction of the 
ureter >0 congenital ureteral valves t9 biverticulumofthe 
bladder 20 ureteral stone 21 ureteral stricture 22 
periureteral abscess or tumor 23 fixation and kink ng of the 
ureter 24 renaitumor 25 stricture of the ureteropelvic 
junction 26 vascular obstruction of the ureter 27 stone in 
the renal pelvis 28 renal tuberculosis 29 stricture of a ealix 
30 Stone in a caiix 31 neurogen c bladder 32 hematoeolpoa 
or hydromeirocolpos (Redrawn from Campbell Rigler 
Helmholz and others ) 
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Rg 5.53 _ — - M LiU. 

“’®s th« nomai Mronephrosts In A, at 5 min 

""Ss outline the dilaiert^ 1'* opaque 

seen in (JeDenriof^f Some contrast material car* be 

t portions of Ae dorsal cal ces In B, at 30 mm 



! of the left pelvis 
pelvis Compare 
s This sequence 
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study of the dynamics of the unnary collecting and 
conduit systems suggests that this difl'erentiation is 
not regularly vahd Structures which appear to be 
normal at one moment are observed to distend to 
pathologic proportions the next The degree of activlry 
at the instant of radiographic exposure determines 
the form of the roentgen image Size alone of the re- 
nal pelvis IS not an indication of ureceropelvic ob- 
struction because of the great range of variation in 
the volume of the normal renal pelvis Extnnsic pres 
sure from anomalous vessels is quite common most 
frequently the vessel is a separate artery from the 


Fig 6 52 —Deep local zed indentaton at the ueleropeivc 
junet on by an ectop e blood vessel (arrows) w ih only si ght ev 
dence oi d laiat on 



aorta to the lower pole of the kidney (Fig 6-52) Ex 
tnnsic adhesions by themselves or associated with 
an aberrant vessel may narrow the lumen producmg 
pyelectasis Nonobstructing adhesions may be re- 
sponsible for the appearance of kuiks when the kid 
neys are displaced downward during deep inspiration. 
True extnnsic obstructions produce constant narrow 
mg According to Williams so-called high mserhon 
of the ureter is a consequence of obstruction and 
asymmeincal dilatabon of the pelvis rather than a 
primary cause of pyelectasis although it subsequent 
ly may contnbute to persisting obstruction Actual 
stenoses at the ureteropelvic junction are found 
which may be associated with adhesions or aberrant 
vessels or both Lich suggested that fine mucosal 
valves are responsible for intnnsic obstruction these 
cannot be demonstrated radiographically and require 
special fixation of the intact ureteropelvic junctios 
and senal histologic sections for their demonstrabon. 
At times the obstrucbon is of a degree which pemuis 
a slow Dormal unne flow to proceed without clinical 
signs or symptoms if there is rapid urinary flow the 
nanvtred segment ts inadequate and the pelvis proxi 
mal to it dilates and causes pam This has been re 
ferred to as hydration hydronephrosis and may be 
identified at tunes only by repeatmg what appeared to 
be normal excretory urography under condibons 
which enhance renal filtrabon rates 

UrETEKAI. and URETEROVESICAl OBSTRUCTION _ 

Depending on the level of obstrucuon a segment or 
the cntue ureter may be distended In addibon to the 
ureteral dilatation and elongabon the renal pelvis is 
distended Nevertheless in many instances of ureter 
al dilatanon. and particularly when there is dilatabon 
of the lower unnaiy tract the pelves and cahces ap- 
pear to be spared 

Localized ureteral obstrucbon may be caused by 
iliac lymphadenopathy Charactensbc features as 
described by Marshall and Schnittraan include (1) 
pam m the flank without significant unnary symp- 




Fig 6 S3 - N«urog«n e uropalhy In a g rl 9 y«ar$ ol ag» w th 
man ngoce e and clubbad f««t r«l«rr«d rrom tne onnoped c c> n 
le because ol growth la lurt A sacral so na b I da vara w th $co* 

diverticula) and often vesicoureteral reSux with dila 
tation of the upper unnary tract (Fig 6-53) The di 
lated ureters of bladder neck obstruction ormfravesi 
cal obstruction are relatively atonic in companson 
with the active penstalais of equally dilated ureters m 
the megacystis megaureter syndrome of unknown 
etiology Bladder neck obstruction probably plays no 
part m the megacystis syndrome and the ability of the 
bladder to empty its lumen completely even though 
marked reflux into ureters takes place is a character 
istic finding Production of an excessive volume of 
dilute unne may play a role in some instances of the 
megacystis syndrome Refilling of the collapsed blad 
der from the dilated ureters often requires multiple 
voiduigs before all of the bladder content can be dis 
charged to the outside 

Urethral obstructions —Congemtal obbtera 
ttons of the urethra are usually associated with proxi 
mal dilatation of the unnary tract and destruction of 
the kidneys Although conceivably susceptible to di 
agnosis by jetrograde urethrography or suprapubic 
cystourethrography urethral obLterations are seldom 
seen m viable infants These obstructions are usuaDy 
m the proximal portion of the urethra distal urethral 
obstructions are thought to represent temporary obit 
teratlons because the upper unnary tract is frequent 
ly normal 

Fibroelastosis of the prostate is discussed In the 
preceding section 

Posterior urethral valves cannot be identified ade- 


loss tno peivc deferin ty B eystogrim show ng Irabeeulated 
bladder end b lateral ref ux Compa e iv th Figure 6 59 


quately by retrograde urethrography requuing void 
ing urethrography for their demonstration Failure to 
encounter obstruction on passage of a catheter or 
even on cystoscopic mspecQon is common because 
the thin mucosal folds are easily displaced just as the 
cusps of the aomc valve are displaced by the blood 
during cardiac systole Dunng voiding as in cardiac 
diastole the direction of fluid pressure bangs the 
valve leaflets together to impede the flow (Fig 6-54) 
Children with postenor urethral valves may have 
almost as much upper unnary tract dilatation and 
kidney destruction as those vnth urethral obliteration 
(Fig 6-SS) however the ability of the unnary tract to 
recover and the relative ease with which this ob- 
structing lesion can be relieved warrant early surgi 
cal removal of the valves Normal folds extending 
bothproximally and distally from the verumontanum 
should not be confused with pathologic valves (Fig 6- 
56) The folds are occasionally seen when the posten 
or urethra is dilated as a consequence of more distal 
obstruction 

Hifpertrophy of the verumontanum is mentioned 
as a cause of obstruction more frequently than it 
probably occurs It is quite possible that other associ 
ated obstrucuve lesions have been overlooked when 
this structure of vanable size appears prominent in 
children with infravesical obstruction Frates and 
DeLuca reported two instances of urethral polyps 
one with recurrence six years after onginal excision. 
The polyps were attached to the verumontanum and 
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Fis 6 S4 (left) - Marked d lalal on of the proslat c urethra <ar 
rows) due to valves m the poster or u ethra The ureters and re- 
nal pelves on both sdes were dieted Lateral obique vodng 
u Bthrogram 



Fig 6 SS (rght) -Poster or urethral valves same pat ent as in 
F gure $ $4 The pat ent had been thought to have neurogenic 
uropaihy because no obsiruct on was found on cystoscopy and 
retrograde u ethrogram The cyslogram shows extens ve reflux 
and irabecutated bladder Compare with F gure 0 


Fig. 6 56 -Normal mucosal folds in the male poster or ure- ntoretef when the urethra sd isted and are confused w th poa- 
Ihra. The cnsta urethral a and p cae coll eulae may be thrown ter or urethral valves ffrom Callander ) 


Annulus urethrols 


Tunica mucoso veslcce 
Tunica muscularis vesicos 

Crista Urethrolis 
Prosfolo 

Colliculus seminal s (verumontonum) 
Orlficium ducti e}ocuto1orli 
Utriculus prostotfcus 
Lacunae glandules prcsioticoe 

Plicae coHicun 

Pors membroneceo urethroe 
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FI3 6 S7 — Meatal slenos s in a girl 6 years ol age wlh lecur 
rent pyuria Two spot I Ims taken during cinecystourethrography 
The external orifice (meatus) Is narrow and the urethra above it Is 

moved from the bladder outlet to the urethra on cys 
tography and voiding cystourethrography respective 
ly The upper unnary tract may be normal on excreto- 
ry urography 

Meatal stenosis In the female achieved considers 
ble popularity as a cause of recurrent unnary tract 
infection dunng the past decade Clinical and radio- 
logic features for identifying stenosis have been de 
scnbed. The caliber of the meatal onhce has been 
evaluated by the size of the largest catheter or sound 
It will easily pass Standards in relation to age have 
notv been published but are net universally accepted 
Mean values obtained by Immergut and colleagues 


Fig 6 58 -Sams patient as m Figure 6 $7 after meaiotomy 
and dilatation The urethra ahows a gradual narrowing from 
above dcwnwtrd there is no abnormal dilatation arid the hyper 
trophy of the bladder neck haa disappeared In an films filling 
ol the vagina behind the urethra Is a normal finding in recumbent 
VO ding films 




dstended by the vgorous bladder contract on The promnent 
bladder neck (interna! sphincter) issecondanly hypertrophied 


follow 0 to 4 years, 15 1 F, 5 to 9 years. 17 F. 10 to 14 
years, 21 4 F, and 15 to 20 years 26 2 F It is not clear 
whether meatal stenoses are due to muscular spasm, 
fibrosis, other factors or to a combmation of causes 
Nevertheless voiding cystourethrography m patients 
with recuTTenl unnary tract infection has disclosed a 
large group of children with dilatation of the urethra 
proxunal to the meatus who have enjoyed freedom 
from recurrent infection for the first time only after 
mechanical dilatation of the meatus Radiographic 
abnormalities in the urethra may persist unchanged, 
but residua] urine and ureteral reflux disappear fbl 
lowing the procedure A prominent bladder neck is 
commonly associated with the urethrographic pattern 
of meatal stenosis (Figs 6-57 and 6-58) It has been 
suggested that the primary abnormality is bladder 
neck hypertrophy with poststenotic dilatation of the 
urethra, but it is much more likely that hypertrophy, 
if present is a manifestation of general detrusor by 
pertrophy Multiple studies of pressure and flow rela 
tionships in children with normal unnary tracts and 
those wnth what has been considered abnormal ure- 
thral dilatation have not demonstrated consistent re 
producible results The subject was reviewed in con 
siderabte detail by Kreigaard Kraigaard uses the term 
• urethral dysfunction" to designate urethral dilata 
tion in females of the type shown m Figure 6-57 
Support for the concept that this configuration does 
represent a deviation from normal is provided from 
several sources Kjellberg and associates failed to 
identify this configuration in any of the normal fe- 
males they investigated durmg their pioneer study of 
the lower unnary tract Headstream allowed me to 
review the films of the 100 normal females he exam 
med m a study of reflux, and m none of these is there 
a urethra with this configuration Although Head 
stream's films are smgle exposures dunng the act of 
voiding. It is unlikely that not a single patient would 
show the dilatation if it were as common in normal 
females as has been suggested by Shopfner Confir 
m^on or refutation of Shopfner’s staasocs is urgent 
ly needed to help resolve the question of the sigmfi 
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greater than anticipated frequency tvith Wilms tu 
mor Hereditary nephropathy occurs m associ ition 
with osteo-onychodysplasia (nail patella syndrome) 
Bilateral renal hypoplasia has been described in 
association with a lateral displacement of the 
nipples 
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Urinary Calculi 

Unnary stones vary greatly in size, shape lot moii 
number and radiopacity (Figs fr6l and 6 62 Calculi 
Me not rare in early life, and unc acid stones arc fair 


ly frequent in the neonatal penod Large calcuh may 
be found in the bladder and kidneys during the 1st 
yearof hfe Most of the stones are composed of a mix- 
ture of salts Unc acid and urate calcuh are the most 
common type, phosphate and oxalate stones vary in 
frequency in different senes Oxalate stones are more 
common in Denmark and the Umted States than m 
England, where phosphate stones are most often 
seen About 75% of the unnary stones are m the Wad 
der, but they may be found in any part of the unnary 
tract Migration of the stones from a cephalad to a 
more caudal level is common 
Only radiopaque stones are visible m plain films of 
the abdomen and pelvis The density of a stone is di- 
rectly proportional to its calcium content Diffuse cal- 
cification in the pyramids of the kidney, commonly 
referred to as nephrocalcinosis. usually results from 
renal tubular disease associated tvieh hypercalciuna 
(Fig 6-63) Cystinuna, a famihal defect of tubular 
resorption usually produces renal intrapelvic calculi. 
The deposition of calcium in the kidney, in both Oys 
(inuna and cystinosis, may lead to total renal failure 
Calculi are found following prolonged recumbency 
and wth hypervitaminosis D, they may also develop 
around foreign bodies inserted into the bladder In 
oxalosis, oxalate deposits are found in the kidney 
(Fig 6i-64), and oxalate stones can occur in the Con 
duit system Calcifications are occasionally associ 
ated mth renal tubular ectasia Intraluminal calculi 
can cause obstruction proximal to their point of lodg 
ment and perpetuate obstruction by the production of 
secondary strictures (Fig 6-65) 

The images of uruiary calcuh must be differentiated 
from other dense images cast by foreign bodies and 
opaque intestinal contents calcifying abdominal and 
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Fig 6 6$ (Itft) - Hypeplfst e twelMn r b tup«r mpcsea on the 
k dn«y res«ml}l ng th* shadow of a ranal stone trsc i>g of a 
roentgenog am 


pelvic tuberculous lymph nodes calciAed tubercu 
lous foci m the unnary and genitourinary tracts and 
phleboliths Rudimentary nbs and atypical venebral 
processes superimposed on the kidneys may cast 
opaque Images which can be confused with renal caJ 
cull (Fig 6-66) Calcification m neuroblastoma calci 
fication or even bone formation in Wilms tumor or m 
retroperitoneal teratomas and calcification in other 
tumors in the vicinity of the kidneys must be differen 
tiated from renal calculi Lateral and oblique projec 
Qons may be essential to the accurate interpretation 
of opaque images in the abdomen and pelvis spot 
films taken during image mtensification fluoroscopy 
are valuable The diagnosis of unnary calculi should 
not rest on roentgen findings alone negative findmgs 
m plain films do not neeessanly exclude nonopaque 
unnary calcuh 

In urograms radiolucent urate stones appear as 
filling defects in the opaque shadow of the contrast 
matenal in the unnary channels (Fig 6-67). Some 
tunes absorption of the radiopaque contrast medium 
mto an ongmally radiolucent stone renders Jt opaque 
in later exammations Air bubbles m the opaque con 
trast matenal uyected during retrograde urography 
and blood clots resemble the fiUmg defects caused by 
nonopague calculi Major features during excretory 
urography of acute obstruction doc to stone are (1) 
delayed appearance of contrast on the affected side 
(2) an enlarged kidney on the affected side with exag 
gerated nephrogram and (3) delayed emptying of an 
enlarged pelvis and ureter proximal to the stone 



Ffl fi-S? (f'ghtj -Excfetofy urogram shew ng a amah radolu 
cent shadow n the urete al lumen trae ng of roentganoS sm 
Such 1 1 ng delects may be caused by nonopaque atones end 
boodcots 


Wyatt and Lanman reported calculus formation in 
a urachal cyst in an enurettc boy 7 years old Follow 
mg excision the enuresis was said to have Improved 
The excised urachal remnant was not only calcified 
but in part ossified 
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Trauma 

Radiographic exammations m instances of renal 
trauma are important for diagnosis management pnd 
follow up Plain films of the abdomen are helpful in 
identifying or exeludmg other visceral injuries m 
addition to providing presumptive evidence of uiulat 
era! injury Frequently scohosis concave toward lb® 
injured side is present scohosis may be reflex dus 1° 



)ld g rl due to a sled- tery suppi es super mposed on a later I m m the senes Th s liv 

dws extrarssal Oft et terp etaton »as confmad at surgery when the halves el the 

lect ve nght renal a kdney were minted E rim made alter nject on through neplv 

} ng (o the upper hall rostomy tube alter surg cal repa r F excretory urogram n rte 

hat ng half a vertebral months after surgery The ch d was d n catty well w thout hyper 
upper pole lunct ons tens on 
two separate renal ar 


800 / SECTION 6 Urinary Tract and Adrenal Glands 


muscle injury and may obliterate the normal psoas 
muscle shadow without renal Injury Differences m 
the definition of the perirenal fat shadows on the two 
sides may indicate pemenal hemorrhage Further 
more fractures of nbs or transverse processes in the 
area of the kidneys may provide indications of the 
force of the injury 

Excretory urography is of great value the only con 
traindication is severe shock in which case explora 
tion of the abdomen may be necessary without fur 
ther radiographic examination Retrograde urography 
is best restricted to instances m which excretory 
examination is inadequate to demonstrate the nature 
and extent of injury Renal iryunes can be divided 
conveniently into contusions fractures or ruptures 
and tears of the renal vessels or ureter With contu 
sions and minor fractures the excretory urograms 
may be normal but more frequently there is uicom 
plete filling of the pelvis on the affected side Some 
times the defect of filling is a consequence of blood 
clots within the pelvis More severe ruptures espe 
cially those extending to the renal pelvis are associ 
aied with extravasation of unne and contrast materi 
al With vascular injunes the kidney usually cannot 
be visualized and immediate surgery may be indicat 
cd the excretory exammation is of pnmary value in 
demonstrating a funcaonmg kidney on the side oppo- 
site the injury Aortography and selective renal arten 
ogiaphy are valuable in selected cases (Fig 6-68} 
The frequency of asymptomatic tumors m children 
always warrants consideration of susceptibility to 
injury because of the tumor and bizane configura 
tions of the pelvis should be looked upon with consid 
erable suspicion 

As a rule renal ruptures show excellent healing 
tendencies Deformities of the pelves and calices due 
to atrophy and scarring have been reported but are 
usually recognized within one to two years after the 
injury Follow up examinations after this interval are 
desirable in all instances of known renal injury Hy 
pertension in adult life as a consequence of renal 
vascular injury in childhood does not seem to be 
common immediately foUowmg an injury hyperten 
Sion may occur supposedly because of the compress 
ing effect of a pennephnc hematoma 

Indirect injury to the bladder can lead to total or 
partial rupture which may be extra or intrapento- 
neal Extrapentoneal rupture causes displacement €)f 
the lumen of the bladder away from the site of the 
accumulauon of blood and unne Intrapentoneal rup 
ture produces tlie signs of free fluid w the abdomen 
which cannot be differentiated from other causes of 
free fluid without contrast visualization of the blad 
der when extravasation of the contrast medium can 
be demonstrated 

Urethral injunes mostly contusions and ruptures 
occur with pelvic fractures or straddle iRjunes The 
region most subject to injury because of maximal 
fixation to the pelvic structures is that near the exter 
nal sphmcter Retention of unne in the bladder and 


extravasation of contrast matenal on retrograde ure 
thral ituection are diagnostic 
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Urinary Infections 
Regardless of whether the unnary tract Is infected 
directly by direct extension from other infection or 
by hematogenous lymphatic or retrograde unnary 
routes any condition favonng unnary stasis predis- 
poses to imtial infection as well as its recurrence and 
perpetuation The radiographic signs of infection 
therefore are those frequently associated with or 
comphcated by those of obstruction It has long been 
a general rule that the first episode of infection m a 
male and the second in a female constitute mdica 
lions for urologic investigation It now appears that 
proved baciUuna in a specimen of unne obtained dur 
mg mid voiding (clean catch specimen) is an equally 
good mdicatjon Studies have shown that cystography 
provides a sausfactory diagnosis m about 50% of the 
cases and about Iwice as often as excretory urog 
raphy alone Combination of these technics provides 
a sausfactory diagnosis in 65-90% of the cases The 
need for complete urologic evaluation was pointed up 
by Sieele and associates who found only 52% of chil 
dren hospitalized for unnary infecuon ^tve and free 
from disease 10 20 years after the initial diagnosis 


Acute Infections 
Acute pyelonephritis may cause no changes 
whatever in the upper unnary passages on excretory 
urography Occasionally poor filling of the renal pel 
VIS on the clinically affected side may be an indica 
don of imtabihty or spasm Linear streakmg of pelves 
and ureters was observed by Gwuin and Barnes in 
association with acute and recurrent urinary tract 
mfection Poole and associates support this observa 
tion but It IS clear that streakmg can occur without 
disease Penodic pyuna may be the only evidence of 
recurrent acute pyelonephritis 
With RENAL ABSCESS or CARBUNCLE the renal out 
line may be deformed by the inflammatory swelling 
in addition to demonstrating the few changes seen m 
acute pyelonephnds Often the spine is curved with 
the concavity on the side of the penrenal abscess the 
difficulty in obtammg the co-operation of young chil 
dren should be kept m mmd m evaluaung spinal cur 
vatures Fixation of the ladney m its bed by the in 
flammatory reaction can be demonstrated sometimes 
by a relatively long exposure taken during breathing 
or by s^arate exposures one In inspiration and one 




in expiration Soth of these maneuvers are under 
taken In conjunction with excretory urography In the 
first instance during breathing the pelvis on the 
affected side is clearly demarcated because of its fix 
anon while the pelvis on the healthy side is blurred 
due to motion (Fig 6-69) m the second instance the 
pelvis on the healthy side is displaced to a greater 
degree than that on the affected side on comparison 
of the two films 

In ACUTE CYSTITIS the bladder wall is frequently 
observed to be thick when outlined by contrast mate- 
rial ivithm it and gas in adjacent small bowel loops 
In addition gross irregulanties in the mucosa may 
indicate sites of edema or hemorrhage or both Type 
11 adenovirus has been isolated from the unneofchil 
dren with hemorrhagic cystitis and a significant nse 
of antibody titer was found in these children in com 
panson with control Subjects 

Chronic and Recuhrent Infections 

Chronic pyelonephritis is one of the commonest 
infections of the urmary tract Anatomically it is 
cbaracienred by coarse focal scarnng with areas of 
normal Or hypertrophied kidney between As the scar 


nng progresses with repeated infection the kidney 
becomes contracted and marked by coarse depres 
sions on the external surface Calices in the area of 
infection and scarring become blunted and distorted 
and ultunately are draivn out with the contraction of 
the scar low ard the depression on the surface (Fig 6- 

70) Hodson has shown that m normal circumstances 
a line connecting the fomices of the several calices 
forms a smooth curve parallehng the border of the 
kidney in pyelonephritis the dilated blunted calix in 
an affected area produces a bulge in this Ime just at 
the point where the renal outline is depressed (Fig 6- 

71) Compensatory hypertrophy may be observed on 
the healthy side when chrome atrophic pyelonephritis 
has pnxluced significant renal loss on the other (Fig 
6-72) Often the condition is bdateral At times it is 
difficult to differenUate renal atrophy due to infection 
from infection in a hypoplastic dysplasuc kidney (Fig 
6-73) Many investigators believe that renal dysplasia 
IS present in most individuals with pyelonephritis and 
predisposes to the Infection Bilateral chronic pyelo- 
nephritis may be confused radiographically with con 
gemtal cysne disease particularly when infection has 
been present in the latter 

The association of obstruction unnary tract ddata 
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Fig 6 70 — Chronic pyelonephrtis In aS 
year-old boy iv th exstrophy ol Ihe bladder 
BIsck arrows indicate blunted and d storted 
calices or calyceal divert cula White arrows 
ind cate indentat ons of the renal surface 
opposite Nowhere else is the parenchyma so 
thin as in the areas ol the pyelonephritic 
scarring 



non residual urine and vesicoureteral reflux with 
chronic pyelonephntis has been argued pro and contra 
for almost any given combination There is no doubt 
that dilatation and infection may occur without ob- 
struction, as Shopfner maintains It is equally true 
however that they do occur wth obstruction and are 
exaggerated by obstruction From a practical point of 
vievF, all of these features play some role in the uuda- 
tion and perpetuation of unnary tract Infection and 
when found require therapy appropriate to the path 
ology The problem is to separate the factors Shop 
fnei s insistence on conservaave management has 
much to support It but m the presence of unequivocal 
obstruction or progressive anatomic changes surgical 
intervennon can be of equal importance 
Obsmiction leads to dilatation piuamal to it and 


Fig 6 71 — D agram of renal change* In cftfooic pyelonepfin 
tis In the normal kidney (A) a line connecting the t ps ol the cal 
ices parallels the edge of the kidney in the d seased k dney (B) 
scarring has led to dilatation ol the affected calix and narrowing 
of adi^Psent parenchyma The edge of the k dney no longer con 
forms to a I ne connecting tips ol the calices and is acioany in 
dented at the site ol atrophy (Alter Hodson ) 



stasis Unne is a good medium for bacterial growth si^ 
ihat stasis and residual unne favor propagation o^ 
organisms Studies on adult females m whom residu 
al unne volume was measured using ”'I Hippurai^ 
indicate that residual unne volumes of as bttle as 
10 ml were associated with difBculty m treatmg un 
nary infection Mechanical incompetence of the ure 
(erovesical juncnon due Co obsCniction, muscular fa 
ague or malformanon involving the mtramural poi 
aon of the ureter permits the introducQon of infected 
unne into the upper unnary tract The individual I 
own colon is generally accepted to be the most com 
raon source of infecaon but the route of infecuon ha^ 
been debated with probably all of the theones con 
taming some degree of truth Support for the ascend 
mg route of infection has been provided by the almost 
constant presence of organisms m the distal urethra> 
which implies the possibility of retrograde introduc 
Oon of organisms both Into the bladder and upwarc^ 
m the ureters Eighty percent of recurrences of un 
nary tract infection m females have been shown to 
related to re infecDon with a new organism (type van 
anon) T'emdies possidiy may'oepaititnilaily suscep" 
able to infecaon partly because the unne m the mal^ 
has a lower pH and a higher osmolanty factor^ 
which inhibit bactenal (Escherichia coli) growth 
Animal experiments mdicate Chat when reflu^ 
nonnally exists in certain species the incidence of 
pyelonephnds after bladder inoculaaon closely paral 
Ids the frequency of reflux In species which do no< 
exhibit frequent reflux, bladder inoculation is fol 
lowed by pyelonephnas only when arOficial vesicu 
loureteral reflux is produced Injection of cohforaf 
organisms into the blood stream of animals does no( 
produce mfection of the kidneys partly because of 
diluUon of the moculum and partly because of th^ 
raagmtude of the flow of Hood through the kidneys 
Only if there is some impediment to blood flow IS 
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Fig. 6 72.— Ser al stud es n recurrent unnary tract niecton A 
at 8 months The cystog am showed reflux but the ntravenous 
Pye ogram was abnormal only n demonst at ng poss bte ca yceal 
d vert culum on the lett Th s g rl had had two prev ous docu 
mented unnary tract mtect ons B ntravenous pyelog am at 7 


yea s ot age after Irregular med cal management on y opv ous 
nfectonswee treated most y w thout coni o otsenstvtyot 
o gao sms The left k dney Is no ma for age end has g own 4 6 
cm The rght kdrtey has actua y dee eased In sze 09 cm ts 
cal ees are clubbed and loss ot parenchyma s obv ous 
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Ffg 6 73 -Cnronc py«lonephrts In A rgM kdney s 
small sndtheieit la ge Irregular cayceal diatat on and var able 
eort cal th cknesa are also seen In B ca yeea) deto m t es are 
conf rmed on retrograde exam nat on Var at ons In in cknesa ol 


infection easily produced m Che Intravenous route 
Some mamtam that reflux Is always pathologic m 
human beings when reflux is present from whatever 
cause it IS logical to assume a pathogenesis of pye 
lonephntis similar to that m animals 
Measurements of renal size in senal examinations 
of patients with recurrent unnary tract mfecoon are 
of value in assigning pnonues to vanous forms of 
therapy Continued increase in size of the kidneys 
with age IS probably the best indication that manage 
ment is adequate distortions of the pelvis or the renal 
outlme provide supporting radiologic indications but 
like definite atrophy they indicate that senous loss of 
parenchyma has occurred Cuiranno has provided a 
simple estimate of renal size by noting that the length 
of the first four lumbar vertebral bodies corresponded 
to the length of the normal kidney plus or imnus 1 cm 
throughout childhood except for the first year and a 
half of hfe when the kidney length was greater Hod 
son and associates have related kidney length to slat 
ure Fnedenberg and associates have devdcped a 
renal index comprised of the product of the length 
and width of the kidney divided by the body surface 
area this may be the most accurate radiographic 
measurement of renal size 
Urinary tuberculosis —Infection of the unnary 
tract with tubercle bacilh may occur during the early 
bactereimc phase of the primary infection organisms 
from the blood stream lodge in the kidney from 
which the rest of the urmary tract and sometimes the 
genital tract are infected by direct canalicular 
spread The diagnosis of tuberculosis of the genito- 
urinary tract is best estabbshed by the isolation 
of tubercle bacilh from the urine or the ohserva 



asymmet cel compensatory hypertrophy The r ght k dney 
could be aitoph c or hypoplast e or could represertt the results of 
hypopias a and atrophy 


tion of tubercles in the course of endoscopy or biopsy 

There are no patbognomomc or charactenshc 
roentgen signs of tuberculosis of the gemtounnary 
tract but the roentgen examination is helpful in 
demonstrating the site size and character of the tu 
berculous lesions and some of their compbcations In 
plain films the larger calcifying lesions cast opaque 
images Locahzed inflammatory spasm may cause 
stenosis and obstruction m the calices or the pelvis 
In the early phases of unnary tract tuberculosis uro- 
grams may be normaL 

UBETHRiris — Irregulanty of the cahber of the ure 
ihra and urethral spasm dunng voiding were former 
ly thought to favor the diagnosis of urethnns Longi 
tudinal stnaiions due to thickened mucosa have often 
been reported they are comparable to the linear 
streaking of pelves and ureters described by Gwinn 
and Barnes in upper unnary tract infection With as 
sociated clinical signs and symptoms the mucosal 
irregulanties may warrant consideration of the diag 
nosis but current opinion is that the diagnosis is not a 
radiologic one Irregulanty of contraction of the ure- 
thra dunng voiding can be caused by factors other 
than local imtation and is commonly seen when the 
examination is emotionally disturbing to the padent 

Ureteritis cystica and cystitis cystica condi 
dons charactenzed by cystic probferadon of the uii 
nary mucosa owing to chronic Infection are seen less 
often in children than in adults but when seen dem 
onstrate the idendcal pattern The cysdc (or prohfera 
bve) mucosal lesions tend to disappear with dme if 
mfecdon is controlled Their inflammatory origin and 
spontaneous resolution are reminiscent of the bemgn 
Inflammatory juvenile polyp of the colon 
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Neoplasms 

It has been estimated that gemtounnaxy neoplasms 
accoum for 25% of the malignancies found in chU 
dren This figure would be greater if neuroblastoma 
were included (see the following section on the adre> 
nal glands) 

Wilms tumor -The commonest tumor of the kid 
ney and the penrenal tissues is the Wilms embryoma 
or nephroblastoma More than 80% of Wilms tumors 
are found in children under 5 years of age and 70% 
in children under 3 years occasionally the tumor is 
present in the fetus The frequency of bilateral 


Fig 6 74 - B lateral W Ims tumor in A at 2 i years the nOM 
tenal p«lv s is 1 (tea cephalad by the larae tumor »o ts lower half 
Th 8 r ght k dney was e*c sed and W ms tumor was proved m c 
roscop cally In B at 3 /i years the left t de of the abdomen s 


filed wth a large mass wheh dsplaces a diated renal pelvis 
caudad Th s tumor responded temporar ly to on z nq rad ation 
and chemotherapy (Courtesy of Dr Henry P enk Se t Leke C ty 
Utah) 
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Wilms tumors is only now being appreciated (Fig 6- 
74) The curability of this tumor may be greater than 
previously considered inasmuch as late pulmonary 
metastases may ongmate from a previously unrecog 
mzed tumor of the apparently healthy kidney The 
imphcations with respect to a transabdominal surgt 
cal approach m which both kidneys can be carefully 
inspected and palpated are obvious 
The roentgen appearance of a Wilms embryoma 
vanes with its size and position Plain films disclose a 
water density mass dtsplacmg gas fiUed loops away 
from the area of tumor the postenor location is fre 
quently well demonstrated in lateral projection Calci 
ficaaon IS occasionally found and rarely actual bone 


formation is present In excretory urograms the renal 
pelvis IS distorted (Fig 6-75) Any intracapsular renal 
mass tends to distort the renal pelvis to a degree 
greater than it displaces it from its normal position 
The overwhelmmg frequency of Wilms embryoma as 
an mtracapsular tumor in comparison with other 
tumors makes this feature almost diagnostic Only 
extremely large tumors or tumors which obstruct the 
vascular pedicle cause failure of visualization of the 
pelvis of the affected kidney Obstruction of the ure- 
ter or ureteropelvic junction may produce distortmg 
and complicating pyelectasis Lateral projections are 
important for identification of a stretched flattened 
pelvis lymg on the anterior aspect of a large tumor 
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AGE AT DIAGNOSIS 



Fig 6-76 -Prognosis mWilms tumor Assuming that metastat considered free from tumor if no recurrences are found by the 
ic tumor grows at the same regular rate that the pnmary tumor t me he is twice his age at the time of d agnosis plus 9 months 
d d prior to d agnosis (penod of silent growth) the pat ent can be (tw ce the period of s lent growth) (Alter Collins ef al ) 


because m frontal projecbon, only pyelectasis or hy 
dronephrosts may be suggested \Vhen a Wilms tumor 
occurs in a horseshoe or an ectopic kidney the diagno- 
sis may be extremely difhcult We have recently seen 
two instances of Wilms’ tumor on the affected side of 
children with hemihypertrophy Miller called attention 
to the f^quent association of Wilms tumor with anin 
dia as well as hemibypertrophy The association has 
been confirmed by several investigators Boxer nport 
ed the finding of a Wilms tumor m a child before the 
onset of recogmzable hemihypertrophy On the other 
hand, Roggensack and McAlister observed bilateral 
enlargement of the kidneys which was thought to be 
a Wilms tumor in a child with hemihypertrophy but 
was proved not to be Recent reports have appeared of 
neonatal renal rumors which are confused with 
Wilms' tumors but which apparently can be diffcren 
bated on gross and histologic grounds They are 
thought to be benign hamartomas and to requu^ nei 
ther radiabon therapy nor chemotherapy after surgi 
cal removal In one senes the only infants who did 
not survive succumbed to the complicabons of radia 
Oon and chemotherapy It is possible that the favor 
able prognosis of Wilms’ tumor m infancy m compan 
son With that m later life is heavily weighted by the 
Inclusion of pabents with the bemgn lesion Careful 
histologic evaluaUon of tumors removed from the 
newborn is obviously mdicated before cytotoxic physi 
cal and chemical agents are prescnbed 
Metastases of Wilms’ tumor are characfensOcally 
to the lung but occasionally lybc bone lesions are 
found as well Scobosis and alterabons in the form of 
vertebral bodies have been described in survivors 
treated by surgery and radiation The addibon of po- 
tent anbbiobcs such as Actmomycm D seems to 
have assisted matenally m the management of these 
pabents Collins and co-workers postulated that the 
rate of growth of a given Wilms embryoma is con 
slant for the primary tumor and for its metastases in 
a given individual. Assuming that the first tumor cell 


could not have been present for more than the child s 
age plus nine months at the time the tumor was clini 
cally recognized they suggested that metastatic cells 
should reach the same size and level of clinical recog 
niboQ by the time the child is nme months older than 
double the age at which the tumor was recognized 
(Fig 6-76) This theory has been better than 95% cor 
reel ui predicting the time within which metastases 
will be identified if they are going to occur following 
removal of a tumor 

Fig S 77 - Largs ealeify ng neuroblasioma which ong nated In 
a rghi paravanebral gangien and dspiaces the right kidnay 
ranal peivs and urtier lalerad Tha ranal pelvis is rotated about 
90 degrees on ns loogiiud nai axis and the normal pelvis and 
ureter are $1 ghtly dilated A large patch oi t ghtly packed focal 
ca c heat on is outi ned by the arrows (Courtesy ol Dr R Parker 
Allen Denver Colo) 
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Retroperitoneal fibrosarcoma$ mar simulate Wilms 
tumor both in theu locanon and in the distnbunon of 
the metastatic lesions 

Angiogiaphlc tavesttganotia o£ Wilms tumors have 
demonstrated pnmaiy supply of the tumor via the 
renal artery whose branches are stretched and dis 
totted and associated neovasculancy The imtial en 
thusiasm for evaluation of intracapsular tumors by 
this technic has faded somewhat and often the pro* 
cedure can represent nothing more than a dlagnosnc 
overkill However in atypical instances the examma 
Cmw nts)' iw useful sad it is n’ise lo eimsider sngai- 
graphic investigation in all instances of aMonunal 
mass even though it is ultimately undertahe-n in only 

Neuroblastoma (sympathicoblastoma) is the sec 
ond most common abdominal neoplasm in childhood 
It IS the most common neoplasm apart from leuke- 
mia but the occurrence of at least 25% of these tu 
mors in extra abdominal locations obliges it to take 
second place to Wilms emhryoma with respect to m 
cidence m the abdomen The tumor is described here 
because of its importance in differential diagnosis of 
Wilms embryoma About 80% of neuroblastomas are 
found in children under 2V» years of age and many 
neuroblastoma like masses are found in situ in tou 
tine autopsies of infants dying of other causes In 
plain films of the abdomen it frequently cannot be 
differentiated from Wilms tumor although the ten 


dency to diffuse calcification is somewhat more proini 
netit in sympathicoblastoma than in WUms tumor 
(Fig 6-77 and see F:g 6-91) Erosion of contiguous 
bones enlargement of intervertebral foramens and 
separation of nbs on the affected side may indicate 
the neural origin and extension to the spmal canal 
Metastases are most frequent to the retropentoneal 


rg s 79 -AOvaneec rreiastst e ao anal neu oblastoma snow 
ng product v« as we l as oestruet vs changes n Ihe calvana or a 
gngyearsof age 
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Fig 6 ao -Neuroblastoma displacing the leti Kdney Fant 
calcification is visible within it Note coarse bone trabecuiation n 
the ili& Same patient as in Figure &-78 


Fig a 81 -Neuroblastoma in a girt 6 years of age A aorto- 
gram shows the right renal artery stretched as it supplies thed s- 
plaeed nght kidney Large suprarenal arteries course around and 
into the suprarenal tumor B. selective injectors ol the nght 


lymph nodes, but radiographically, metastases are 
recognized in the skull and appendicular skeleton 
(Figs 6-78 and 6-79) and in the liver The hepatic 
metastases often calcify Widening of the paraspinal 
stnpe may be an important clue that eirtension of a 
neuroblastoma has taken place The skeletal metas- 
tases are osteolytic and are indistinguishable from 
those produced by leukemia. The frequency of skele- 
tal metastases makes bone marrow aspiration a valu 
able diagnostic aid Radiologic exammabon often m 
dicates the optimal site for bone marrow aspirabon 
In excretory urograms, the tumor tends to displace 
the kidney from its normal posibon, producing more 
displacement of its pelvis than distorbon, because the 
tumor lies outside the renal capsule and invasion of 
the kidney is a relatively late phenomenon (Figs 6-80 
to 6-83) Occasionally, a neuroblastoma is indistin 
guishable from a Wilms tumor (Fig 6-84) 

The recogmtjon that tumors of sympathebc nerve 
cell ongm produce abnormal amounts and types of 
catecholamines which are excreted in the orme has 
provided an important chemical aid m determining 
the probable nature of a mass as well as providing a 
guide for therapy and early evidence of recurrence or 
metastases The catecholamines apparently account 
for (be frequency of circulatory hypertension in cbil 
dren with neuroblastomas and for occasional diar 
rhea Their relauonship to the syndrome of opsoclo- 

pftreoic anery shows its coniributions to the turner supply and 
■nd cates that the celiac axis and its branches are all d splaeed 
nio the led side ot the abdomen 




FI9 6 62 — Neuroblastoma which originated In the paraverte 
bral sympathetic gangl on on the left side end displaced the tell 
kidney end renal pelvis and ureter to the led the left peivs is 
also rotated on Its longitudinal axis but there is iiille or no com 
press on of the pelv s or obstruct on to flow through the (eft pel 
V s and Its urater (F gs 6 62 to 6 84 courtesy of Or R Parker 
Allen Denver Colo ) 

nus and occult neuroblastoma is uncertain because 
most of the children reported with this combuiauon 
in whom catecholamine studies have been under 
taken have not demonstrated elevauons Opsoclonus 
18 B condition of irregular spontaneous eye move- 

Fig 6 63 - Large maiastat enaurobiastomam afelt sdedpara 
vertebral lymph node (secondary to a primary In the adrenal) 
wh eh lifts the left kidney and its renal pelvis eephaiad end dis 
places the lower pole of the left k dney and its renal pelves later 
ad The kidney is related slightly on its longitudinal axs The 
renal pelvis and ureter ere not compressed 


Fig 6 64 —Unusual compress on part al obstruction and laC 
eral displacement of the left kidney and renal pelv s by an Intra 
adrenal neuroblastoma. These radographic fndmgs are morS 
common In W Ims tumor than m adrenal neuroblastoma 

ments often accompanied by myoclonic jerks of tha 
face and body and cerebellar atana. Its occurrence at 
the Arst years of life has been associated in several 
instances with the subsequent incidental finding of a 
neuroblastoma most seem to be localized but meta 
static disease has been reponed Psychomotor retar 
dation has been a common feature in these children 
(Fig 6 - 8 S) Prognosis is uncertain Instances of recov 
ery from extensive metastatic disease are recorded 
There ts some evidence that extra adrenal tumors 
have a better prognosis than intra adrenal tumors 
Such factors as ease of diagnosis when tumors are 
not deep in the abdomen may play a role Immunolog 

Fig 6 es -Gangl oneuroblastoma in an 11 year old g rt who 
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1C studies of patients with neuroblastoma partirulai 
ly of those who have recovered have suggested the 
presence of factors having lethal reactivity to neuro- 
blastoma cells Further investigations of the biologic 
mechanisms of regression of neuroblastoma max 
open new therapeutic channels 
Rethopekitoneal teratomas may produce dis 
placements similar to both Wilms tumors and neu 
roblastomas The condiQon can be diagnosed with 
certainty only when definite formed skeletal compo- 
nents or dental structures can be recognized uiihin 
the water-density mass The fact that bone formation 
can occur m Wdms embryoma should not be over 
looked Retroperitoneal sarcomas may simulate neu 
nblastotnas as well as Wilms tumors (Fig 6-86) 
Mucosal epithelial tumors of the unnary pas 
sageways are uncommon in children diagnosis de 
pends on removal of tissue for histologic study In 
TUBEROUS SCLEROSIS hamartomatous growths xviihm 
the kidneys may present a radiologic picture suggest 
mg multiple cystic lesions and particularly multicys 
he disease (Fig 6-87) The tumors are not malignant 
and seldom are a primary cause of death 
Secondary tumors —Leukemia and lymphoma 
may cause diffuse infiltration of the renal parenchy 
ma and enlargement of these structures Not only 
may the kidneys become palpable they may present 
as an abdommal mass The renal pelves on excretory 
urography are generally enlarged the appearance is 
a magnificauon of the normal structure rather than a 
dilatation of the type seen m hydronephrosis or the 
distortion produced by stretching over a solitary tu 
mor Enlargement of the kidney and stretching of the 
otherwise normal calices and pelves may also occur 
m the glucose-6-phosphatase deficiency form of gly 
^gen storage disease In this form the enzyme nor 
mally present in the kidney and liver is lacking and 
deposition of glycogen takes place m areas where 
normally enzyme activity prevents its accumulation 
The distortion of the pelves can be seen in excretory 


urograms Presumably renal changes do not occur m 
the other forms of glycogen storage disease 
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Miscellaneous masses —In severe dehydration 
with hyperelectrolytemia blood in renal veins may 
thrombose just as blood clots in the dural sinuses 
Under these conditions the kidneys become greatly 
enlarged and present as masses in the abdomen 
hematuna is mvanably associated with renal vem 
thrombosis The condition may occur as a unilateral 
mass as well In these circumstances the clmical 
pattern is very much the same but excretory urogra 
phy demonstrates failure of function only on the af 
fected side Retrograde examination demonstrates a 
relatively normal renal pelvis In angiographic studies 
the renal artenes are attenuated there may be a pro- 
longed nephrographic phase or no visuahzaQon of 
the renal parenchyma at all We have seen one in 
stance m an older child dunng recovery from a severe 
bum in this instance the thrombus was m the renal 
vem and could be removed surpcally In the infantile 
form the thrombi are throughout the small venous 
structures of the kidney and not susceptible to surgi 
cal removal Nahum and associates reported the de 
velopment of calcification m nonfunCQomng kidneys 
following renal vein thrombosis in infancy In one 
case renal hypertension supervened but was relieved 
following removal of the atrophic calcified kidney 
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The Adrenal Glands 


The normal adrenals cannot be seen clearly in con 
Aenoonal films they become visible only when they 
contam adequate amounts of calcium or after air bas 
been injected mto the penrenal space or after contrast 
tnatenal has been injected into its artenal suppiv 
Calcium salts are deposited m the adrenals m a va 
nety of conditions Large amounts are occasionally 
seen in the adrenals of healthy infants (F ig 6-88) and 
children (Fig 6-89) who have apparently neier had 
adrenal insufficiency The pathogenesis of these le 
sions IS obscure it is possible that they represent se 
quels to extreme degrees of physiologic neonatal tn o 
lution or to unrecogmzed neonatal adrenal bemoi 
rhages The large fetal adrenals normally undergo 
extensive necrosis and atrophy during the first weeks 
of life after which the massive fetal cortex is re 
placed by the smaller permanent cortex and the adre 
nals shrmk to their normal infantile size During this 
physiologic neonatal shrinkage there is no cbnicai or 


chemical evidence of adrenal insufficiency Massive 
adrenal hemorrhage m the newborn may present as a 
tumor mass or with signs suggestmg exsanguination. 
Prolonged neonatal jaundice has been emphasized as 
an occasional feature Renal displacement similar to 
that in neuroblastoma can occur high-dose intrave 
nous urography and total body opacification may 
de nonstrate the relatively radiolucent hemorrhagic 
area marginal calcificauon can occur as early as 10 
days after the sudden appearance of the tumor and 
becomes progressive thereafter (Fig 6-90) Rarely 
he hematoma can become inf eered 
Calcification occurs pathologically m tumors such 
as neuroblastoma (Fig 6-91 and see Fig 6-77) and 
pheochromocytoma. Calcification in enlarged adrenal 
glands can be massive in Wolman s disease (familial 
I olesterosisXFig 6-92) Clinically the patients have 
poor weight gam vomitmg diarrhea and hepato- 
splenomegaly Signs of adrenal insufficiency are usu 
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Fig 6-91 — D tferent types of ca'C t eat on m sympathcobas densty n a relat vely sma I tumor B numerous scattered calcl 
foma of the adrenals A two large d screte masses ot ca e uin feroustoc n a large neoplasm 


ally present In contradistmcaon to Niemann Pick the presence of large pheochromocytomas the adja 

disease with which it can be confused because of the cent kidney and renal pelvis may be rotated dls 

hepatosplenomegaly and foam cells in bone marrow placed caudad and deformed Large accessory pheo- 
and many other tissues the brain is only mildly in chromocytomas outside the perirenal space and the 
volved The cholesterol content of the liver and spleen retropentoneal ussues have in at least two cases 

18 increased to many tunes normal impinged on and deformed the duodenum Volhard 

Pneumograms of the penrenal space are more valu actuaUy demonstrated such a mass after a banum 
able in adults than in children but they can be help- feeduig m one case when the duodenum was out 

ful in the mvesogation of adrenal pheochromocytoma lined with banum A confirmatory radiographic sign 

(Fig 6-93) The outstanding contraindication to retro- is evidence of left ventncular hypertrophy in films of 
pentoneal pneumography is suspected neuroblastoma the heart a charactensuc of longstanduig hyperten 
because of the danger of dissemination smce neuro- sion 

blutoma is the most common adrenal tumor in chit Aortography may be of considerable value In the 
dren retroperitoneal pneumography should not have diagnosis of pheochromocytomas because ot the a 
a sigmflcant role m pediatnc radiologic diagnosis bundant blood supply but they ape not Invariably dl 
The eiamlnation should be hmited to carefully select agnosuc The aonogram Is prefeiied to selective ar 
ed panents and the ait injeotion should be made by tenograms because unsuspected mmors may be 

an expenenced surgeon under aseptic precaunons in demonstrated by the blush ivhich occurs as the 


f,. ssa-„„.v. p,...,., ad, . 0.1 cictcatoo n .pii r 
foam cells wti ch were thought to represent N emenn P ck o s 
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vascular tumor IS perfused When howeier there is 
reason to believe that the tumor resides in the organs 
of Zuckerkandl selective injecuon of the infenor 
mesenteac artery may provide more diagnostic tea 
tures Artenography has not been exceptionally valu 
able in the study of other adrenal tumors m child 
hoed but It may have a place even i£ ft only shortens 
the operative time by contributing to the surgeons 
diagnostic security On the other hand Alhdi and col 
leagues have found artenography of adrenal neo- 
plasms of considerable value in adults 


Neoplasms 

Primary tumors of the adrenal can be subdivided 
into medullary and cortical groups The clinical symp 
toms and signs each presents depend on whether or 
not they have endocrine function and the nature of 
the endocrine function Radiographically therefore 
they are identified by their local characlenstics as 
masses and by the demonstration of calcification 
when present supportive evidence may be sought by 
idennficadon of appropriate responses to endocrine 
secretion such as alterations in skeletal maturation 
and size configuration of the heart external genitalia 
and so on A classification of adrenal tumors is shown 
in Table 6-1 

Neuroblastoma has been discussed in lelatKHi to 


Wilms embryoma (p 805) Ganglioneuromas occa 
sionally occur in the adrenal gland they may appear 
as calcified or noncalcified mass lesions much bke 
neuroblastomas Abnormal excrenon of catechola 
mines was first recognized in association with ganglio- 
neuroma and ganglioneuroblastoma Instances have 
been recorded in which symptoms slmulatmg cehae 
disease with chronic severe diarrhea have resolved 


TABLE 6-1 —Classification of Adranai, Tumors* 
Cortical tumon 

Adenoma (bonnonal or nonhormonaJ) 
CRTCinoma (hormonal or nonhomnonal) 
Hyperplasia (hormonal) 

Medullary tumors 

Pheochromocytoma (paraganghoma) 
Neuroblastoma 
Ganglioneuroma 
Cysts 

Pseudocysts 

Lymphangiomalous cysts 
Connective tissue tumors 
Neurofibroma 
Fibroma 
Lipoma 
HemaiiDoma 
Secondary tumors 
Metastatic or direct extension 
•From Mejers M A D leaiet of Ihe Ad mat Clanda Radohec 
Oae«nlt(S(>ruigfieId 111 Charles C Thomu Fubluher 1963) 
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following surgical removal of the functioning sympa 
thettc neural tumor Angiographic studies of ganglio- 
neuroblastomas generally show appreciably less 
vascularity than and at tunes almost total avascular 
ity in comparison with the abundantly vascularized 
neuroblastomas 

Cortical adenomas may be hormonal or nonhor 
monal Nonfuncooning adenomas are rare and are 
usually mahgnant Functioning adenomas tike carci 
nomas generally cause Cushing s syndrome al 

Fig 6 95 -Urogen tal s nus demonstrated r> a lemaie p$eu 
dofie maptirod te w th the adrenogen tal syndrome A catheter 
passed regularly only nto the urethra and could not he mrodoced 
nto the m nute open ng to the vag na Opaque o i was rilroduced 
nto the bladder where t floats m droplet form on the reta ned 
unne The t p of a Foley catheter was introduced into the small 



though occasionally the adrenogemtal syndrome is 
associated with carcmoma. Patients with manifesta 
turns of both Cushing s syndrome and the adreno- 
gemtal syndrome frequently have an adrenal caret 
noma Mass lesions calcified or uncalcified are the 
chief radiologic features but tumors of appreciable 
size have been found on surgical exploration which 
could not be identified radiographically before sur 
gery Associated radiologic findings m Cushing s syn 
drome are osteoporosis cardiomegaly as a conse- 
quence of hypertension and adiposity Skeletal ma 
turauon is not advanced 

Adrenal hyperplasia in infants and children gener 
ally causes somatic changes that are reflected in 
roentgenographic studies although the first suspicion 
of abnormal adrenal function usually arises from 
clmical observations In boys adrenal hyperplasia 
produces precocious puberty and what has been 
termed macrogemtosomia praecox in girls it results 
in vinhsm If present before birtb the infant girl is 
bom as a female pseudohermaphrodite In both sexes 
hypertrophy of the androgemc zone of the cortex may 
compromise adrenal function and signs of adrenal 
insufficiency may develop and lead to sudden death 

Roentgenographic features are related to the skele- 
tal system heart reproductive organs and the adre- 
nal glands themselves Although skeletal maturation 
IS always advanced when the disease is first recog 
mzed after the first few months of life the skeletal 
maturation of the newborn infant is generally retard 
ed In all mstances growth acceleration accompanies 
the acceleration of maturation but growth ceases 
early because of premature fusion of the epiphyseal 
ossification centers and their shafts During treat 

urogen (al s nus itie or f ca was blocked by pressure of the in- 
flated balloon and urograph c contrast matenai was injected The 
vrelhre was 0 slended but most Di the contrast mater al passed 
nto the vag na and even Into the cavity of the uterus A spot f Im 
durng njecton B d agrammat c representat on of A. 
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ment with cortisone the rate of skeletal growth Is 
reduced to a greater degree than the rate of skeletal 
maturation If maturation Is maintained commensu 
rate with the age the length of the bones is dimin 
ished at the time of union of pnmary and secondary 
ossification centers of bone If the length of the bones 
IS mamtained at the expected rate the relativdy ac 
celerated skeletal maturation causes premature fu 
Sion of the primary and secondary centers In either 
event the treated individual m adulthood is signifi 
cantly shorter than the average adult The heart is 
small as m Addison s disease this is probably a con 
sequence of diminished blood volume In the genital 
apparatus hypertrophy of the clitons or the penis is 
pronounced anomalies of the vagmal onfice are 
common in newly bom girls m whom what appears 
to be a hypospadiac urethral orifice actually repre 
sents aurogemtalsmus Thiscommumcatesintemally 
with a recognizable vagina Retrograde iixJection of 
contrast substance mto the urogenital sinus (Figs 6- 
94 and 6 95) is of value in demonstrating the pres 
ence of a vagina. The technic of gemtography is dis 
cussed m detail in Section 7 

Cysts connective tissue tumors and secondary 
tumors of the adrenal glands are rare in children 

Adrenal Insufficiency 

Weens and Golden demonstrated radiologic evt 
dence of pylonc and duodenal obstruction in two 
vomiting infants At necropsy in both there was no 
evidence of organic obstruction but there was a pro- 
nounced deficiency of cortical ussue In the adrenal 
glands In the adrenogenital syndrome especially in 
the salt losing type similar functional cortical defi 
ciency may be produced by overgrowth of the andro- 
genic zone (zona reticularis) The diagnosis of the 
salt losmg a^enogenital syndrome has been correctly 
suggested in infants with vomiting and dehydranon 
when films of the abdomen showed what appeared to 
be a gasless intestmal tract and a disproporaonately 


large phallic shadow Dehydration of any cause may 
be associated with a relatively gasless alimentary 
tract correction of the dehydration usually causes 
the gas pattern of the abdomen to revert to normal 
Although calcifications in the adrenals are found m 
about 25% of the adults vnth Addison s disease we 
have not observed calcification m the three mstances 
of juvenile Addison s disease which we have seen 
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The Genital Tract 


Lesions of the gemtal tract are uncommon in in 
fants and children, and clinical signs of congenital 
malformations may be delayed until puberty or mar 
nage Vagimos is the most common acquired disease 
Although limited in value, radiographic examination 
IS important m some patients because it can lead to 
early treatment and preservation of future sexual and 
reproductive functions 

Too often radiologic examination of urogenital 
structures is performed only as a final resort al 
though It IS less traumatic and frequently yields more 
exact information than digital palpation catbetenza 
Qon, endoscopy or surgical exploration Therefore n 
should often be done as a pnmary procedure Manv 
limes the other procedures become unnecessary after 
the radiographic findings are knotvn 

Indications for radiographic examinauon of the 
gemtal tract are distmct but are restricted to lesions 
which produce variations of densities in the plain 
tuentgenogram and contain abnormal passages that 
Can be demonstrated with contrast material Its use 
fulness is therefore determined by the nature of each 
mdividual lesion 

Radiographic examinations should be Lnuted by 
the foregomg indications because the young and es- 
pecially their gonadal tissues, are highly sensitise to 
lomzmg radiation However, when indicated ade- 
quate exainmations should not be omitted because of 
concern about radiation injury Inadequate radi 
cgraphic information may be more dangerous than 
the radiation hazard For example, surgical removal 
of a functional vagma and uterus because they ssere 
not identified by radiologic study is more injurious 
than the potenual radiation injury of diagnostic ra 
diology 

Congeiutal and acquired abnormahties of tbe gem 
tal system commonly involve the urinary and intes- 
tinal tracts because the fetal and postnatal structures 
of all three are intimately related Pelvic masses ong 
inating m the genital tract mterfere wath bladder 
function An abnormal organogeneQc development 

DR. CHARLES E. SHOPFNER has untten Section T.Tlie 
Genital Tract 


which leads to ectopic anus may affect the genital 
and urmary tracts Bladder exstrophy frequently is 
associated with gemtal and intestinal tract abnormal- 
lUes Consequently, awareness that the three systems 
and tbeir diseases are interrelated will reduce tbe nsk 
of diagnostic mistakes 

Procedures utilized in examining the gemtal tract 
of children include the plain abdominal roentgeno 
gram, cystourethrography, intravenous pyelography, 
vaginography and gemtography Pelvic pneumogra 
pby hysterosalpinography and pelvic artenography 
usually are not necessary A major problem is re- 
straint of the young patients, but this is not msur 
mountable Common deterrents to accurate radiologic 
diagnosis include examinations without valid Indica 
uons, the radiologist’s incomplete knowledge of basic 
principles and inadequate immobilization of younger 
patients 

Methods ot Examination 

Simple abdominal pelvic roentgenography is the 
basis for radiologic evaluation of any disorder of the 
gemtal tract Images must be of the highest quality so 
that soft tissue, calcium and fat are clearly distln 
guishable Frontal and lateral views with the patient 
m erect, recumbent and decubitus positions may be 
required to estabhsb the location of a foreign body or 
mass Precise and proper interpretation of abdominal- 
pelvic roentgenograms, may make further procedures 
unnecessary Preliminary information is often provid 
ed from the plain films, which direct other roentgen 
procedures to a final accurate diagnosis 

The other examinations are classified as special 
procedures only because they involve the introduction 
of contrast agents, usually opaque The principles and 
technics are similar to those apphcable to study of the 
gastrointestinal tract Fluoroscopy and spot filming 
allow proper positioning of the catheters, controlled 
injection into cavities, accurate detection of normal 
and morbid structures and precise positioning of the 
patient for spot film recordings Blmd injection, blind 
filming and flash visualization with the overhead 
tube are condemned 
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Maximal information can be expected from ct/$ 
tourethrography The essence of this method is fluo- 
roscopy, which allows the radiologist to control later 
procedures Displacement of the bladder and urethra 
often reveals the position and size of masses which 
anse in the genital structures Passages between (he 
urniary, genital and intesonal traces are sometimes 
filled dunng voiding when they cannot be located by 
cathetenzadon and retrograde injection Vesicoure- 
teral reflux dunng cystourethrography may delineate 
nonobstructive hydronephrosis and maldevelopments 
of the upper unnary tract which have not been dem 
onstrated by intravenous pyelography 
Intravenous pyelography suppbes data concemmg 
renal function and structure Dysplasia and other 
malformations of the kidney are common with abnor 
malities mvolving the caudal end of the embryo The 
renal status is sometimes more sigmiicant (ban (he 
combined lower unnary, gemtal and inlestmal dis 
ease in determining ultimate prognosis Intravenous 
pyelography Is sometimes unsatisfactory in the new 
bom penod owing to the Immature kidney’s inability 
to filter and concentrate the contrast agent as effec 
ovely as the kidney of the older infant child and 
adult In this case, re-examinadon in three to su 
months frequently suppLes the renal evaluation not 
possible in the neonatal period Vesicoureteral reflux, 
when It occurs, is also helpful in evaluatmg (he stnic 
ture of the neonatal upper unnary tract 
Vaginography alone is helpful in the evaluaUon of 
vagimtis because a foreign body may be the cause 
Under fluoroscopic control it is a simple matter to in 
ject contrast agent into the vagina A Foley catheter 


flated prevents leakage Seventy percent of females 
have vaginal reflux as a normal phenomenon dunng 
voiding cystourethrography, and it often provides a 
vaginogram that detects abnormabdes not otherwise 
demonstrated (Fig 7 1) Vaginogiaphy combined 
with cystourethrography and genitography is most 

Fig 7 2 -Amb guous external genitalia of a 1 month old in 
fant There i a pnalius and scrotum but no gonads art pafpabla 
A Single perineal opening exists at tha base of the phallus (ar 
row) There mar be pits aeprsssiens snO Oimples which must 6s 
probed to prove thet they are not true openings but s mply aimu 
late them 
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TABLE 7 1 -GYTfECOLOCIC Disokdebs AMnasle io 
Radiologic Diagnosis 


1 Intersex 

2 VaginiDs 

3 Gemtal tiact obstrucQon 

4 Tumors 

5 Developmental aspects of imperforate anus 

6 Developmental aspects of bladder exstrophy 


valuable in disorders which require demonstration of 
all the internal genital passages 

Genitography is a procedure for the diagnosis of 
the intersex patient, and the term implies visualiza 
tion of all gemtounnary passages m a coordmated 
and correlated manner It is to be distinguished from 
simple vaginography, hysterography, cystography and 
urethrography The object of gemtography is, as the 
name imphes, to observe all internal channels One 
technic or a combination of two methods may be 
employed in performmg adequate gemtography ( 1 ) 
the hushing technic, and (2) the muluple catheter 
techmc Fluoroscopy is essential in both methods 
One is cautioned agamst blind catheter insertion, 
blmd injection and blind fUnung without fluoroscopy 

In gemtography, the radiologist must first inspect 
the genitalia and perineum for external opeiungs 
The usual lesion is a single opemng either at the 
base of the phallus or in the penneum (Fig 7 2) For 
the hushing technic, the tip of a blunt nosed syringe 
IS mserted in the gemtal tract opening and the glass 
barrel is pressed firmly against the penneum to ob- 
tain a leakproof seal Contrast agent is then flushed 
mto the external opening The goal is to hush the con 
trast agent into all the internal passages The disad 
vantage of mserting a catheter and msoUing contrast 
agent is restriction of visualization to the cavity con 
tainmg the catheter, without delineation of other cav 
lOes 

To avoid this error, when the flushmg technic fads 
the multiple catheter technic is used to probe the gen 
ital opening with multiple catheters under fluorosco- 
py The aim is to direct catheters and enter cavibes 
which cannot be flushed or are only partly filled or did 
not remain filled sufficiently long for spot film demon 
stration by the flushing techmc When more than one 
passage is found, simultaneous injections are made 
in each one via the catheters NVhen only one passage 
is found the catheter is withdrawn to a pomt just in 
side the external opemng, the penneal skin is held 
tightly around the catheter, and the contrast agent is 
agam flushed. These methods usually result in deline- 
ation of all the mtemal genital passages 

The most satisfactory contrast agent is a 50*^ solu 
tion of sodium or meglumine diatnzoate It is cons en 
ient to work with and fills the passages readily On 
the other hand, it will leak around the synnge and 
drain out of the passages easily In this event, the cnly 
agents can be used, altbougb they are v-iscid and bard 
er to work with The aqueous agent should be tiled 


first, then, if unsuccessful, the oily medium be em 
ployed A 20% solution of sodium diatnzoate 
(Hypaque) is satisfactory for cystourethrography 
Disorders of the gemtal tract hsted in Table 7-1 
have proved amenable to radiologic diagnosis 


Intersex 

The ultimate sex of an individual is moderated by 
morphologic, hormonal and sociopsychologic factors 
Hampson and associates classified these into seven 
variable components fTable 7-2) Harmony and con 
sistency of these components are required for an indi 
vidual to be umsexual Pnmanly there js a need for 
umty between gemtal structure and gender 

Gender is indicated by a person's behavior It is the 
psychosexual performance of an individual If It is 
male, the individual must be able to function orgam 
cally as a male Gender must match genital structure 
A conflict in which one type of normal gemtal struc 
ture of either sex is coupled with the opposite gender 
results in psychiatric intersex (transexuahsm, 
transvestism, homosexualism) ‘A conflict in which 
ambiguous genital anatomy is coupled with gender of 
either sex results m structural intersex 

Resolution of the clinical aspect of morphologic m 
lersex requires ( 1 ) prompt assignment of a sex in 
accordance with genital structure, (2) establishment 
of the gender role to match the anatomic capabilities 
as nearly as possible, and (3) subsequent treatment, if 
necessary, to improve and make the anatomic capa 
biLties as compatible as possible Unnecessary delay 
of deasion causes anxiety, concern, suspicion and 
gossip on the part of fnends, relatives, siblings and 
parents 

An intersex problem is recogmzed at birth when 
ambiguous external genitalia are detected by visual 
tnspecuon Of the internal genitalia knowledge of the 
gonads is not essential, but the nature of the internal 
genital passages must be known to establish anatom 
ic capability Gemtography is the simplest and easiest 
method of identifying the internal genital passages It 
suppbes information not available by catheterization, 
recta! palpation endoscopy and surgical explora 


TABLE 7 2.-THE Vakiable Components 


Component 

1 Chromosomal 

2 Gonadal 

3 Internal gemtal 
anatomy 

4 Extemid gemtal 
anatomy 

5 Hormonal 

6 Rearing 


VaaiAtLis 

Chromatin positive (XXI 
Chramaun negative (XY) 

MiiUerian (female) 
\^olffian (male) 


Androgemc 
Estrogenic 
Sex assignment 


7 Gender 


Sex orientanon 


OF Sex 


Morphtv 

logic 

intersex 


Effect at 

puberty 

Governed 

by3&4 

Governed 

by 6 
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TABLE 7 3 -Studies Utilized in Final Evaluation 
or Errors in Sexual Difterxntiation 

1 Sex chromatin pattern 

2 Externa] genital anatomy 

3 Internal genital anatomy 

4 Urinary hormonal excretion 

5 Gonadal nature by biopsy 


tlon— Information that assures the assignment of a 
sex in accordance with the anatomic capabilities 
rather than with chromosomes, gonads and hor 
mones A good guiding principle Is that It is easier to 
transform a sexually ambiguous person into an ac 
ceptable female than Into a male Therefore, usually 
a vagina of any size In the absence of absolutely 
normal male external genitalia is an indication for 
the assignment of the female sex regardless of the 
chromosomes, gonads and hormones 

The data In Table 7 3 are useful for evaluation of 
an Intersex problem but, with few exceptions, they 
can await genitography and assignment of a practical 
sex. Chromosomes, gonads and hormones play little if 
any role In the assignment of a practical sex, lo the 
determination of gender and consequently in the dm 
ical solution of Intersex problems Errors in the man* 
agement of Intersex problems have been difficult to 
avoid because of the erroneous bebef that the as- 
signed sex must accord with chromosomes and gon 
ads 

At what age Is the gender role estabLshed and 
when can the sex of teaiuig be effectively changed’ 
The questions are academic and insignificant if a 
practical sex is assigned early and gender is m ac- 
cordance with structural potentials In this event 
there Is no need for a change in the pattern of sex 
rearing For genitography to take its deserved place in 
intersex diagnosis, radiologists should be familiar 
vnth normal sexual differenUation, the altered prena 
tal development responsible for the genitographic 
types and the classification of genitographic types 

Normal sexual difeebentiation -Genetic, tes- 


ticular and androgenic determinants are responsible 
for embryologic development and sexual differentia 
lion (Grumbach, Hoffenberg, Jones) These determi 
nants can be thought of as inductors, each of which 
has its own specific action They are shown in simpli 
fied form in Table 7 4 

Primary (genetic) inductors earned by both thesex 
chromosomes and the autosomes of the ovum and 
sperm determme the differenUation of the pnmordial 
gonad into an ovary or a testis Chromosomal abnor 
mahties and gonadal dysgenesis, as m Klinefelter’s 
(XXY) and Turner s (XO) syndromes, are the result of 
abnormal primary induction 

Secondary induction detemunes the nature of the 
internal gemtalia and therefore has speaal signifi 
cance for gemtography Early intrauterme castration 
of certain ammals is invariably followed by feminine 
genital tract differentiation, even if the gonads were 
destined to become testes (Jost) Whether or not ova 
ncs are present, Mullerian (female) growth will occur 
m the absence of a funcuonmg testis The presence of 
testes determines Wolffian (male) growth A single 
testis Is capable of directmg growth on its own side 
Thus there is only a male secondary inductor and its 
action is local, not hormonaL The Uterabzed true 
hermaphrodite is the best illustration of this local ac 
non These intersexual individuals have a testis on 
one Side and an ovary on the other, with the Wolffian 
development restncied to the testicular side Second 
ary induction is repressive to female and stimulative 
to male internal genital development Incomplete 
secondary induenon in the fetus accounts for male 
pseudohermaphrodites who have vaginal and utenne 
remnants of varying size 

Tertiary induction is responsible for masculuuza 
tion of tbe lower genital tract Removal of one em 
bryonal testis does not alter masculimzation of the 
urogenital sinus and external genitaba Therefore 
pervasive and not locally acting inductors are respoii 
sible for tertiary induction These pervasive inductors 
are androgens because masculimzation of the lower 
genital tract of females occurs after exposure to an 
drogens, through cither medication or adrenal corn 


TABLE 7-4 —Sexual Dieeebenttation 


Pnmary-geneuc, Gonadal 0»an« 

from ovum and spenn primordium .j-estes 


Secondary— presence Male tatemal 

of testes (local) gemtalia 


Tero ary- 

hormonal androgens 
from testes or extra 
gonadal source 


Male external 
genitaba 


Absence- 

Absence - 
Presence - 


,Nonaal 

^Normal 

^Normal 

_Nonnal 


Turner's 
glmefelter's 
True hermaph 

Male pseudo- 
hermaphrodite 
(MuUenan duct 
remnants) 
Female pseudo- 
hermaphrodite 

Adrenal coiueal 
latiogemc 
Idiopathic 
With anal atresia 
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Fig 7 3 -One-month old individual with a phallus and a s n of the uterus at this time indicates that the excess ve androgen 
gle perineal opening at its base. Male sex was ass gned at bmh had no effect on female d tferentiation of the internal genitalia 

A, genitography at 1 month of age shows a short male typeure- Out did inhibit their growth The postnatal growth of the uregeni 

thra and small vaginal remnant. Adrenal cortical hyperplasia was tal s nus and Muilenan duct structures under proper horrhone 
proved by electrolyte and hormone stud es. Severe tertiary indue therapy i$ intriguing It represents growth of embryonic strue 

tlon by androgen from the adrenal cortex has repressed growth lures dunng the postnatal period which should have occurred in 

of the vag na and caused partial maledifferentiatonof theexter ulero The tragicconsequencesot the male sex assignment man 

nalgen tatia The sex was changed to female and treatment start mdvduai who has potent ai for female growth and development 

ed for adrenal hyperplasia 8, at 20 montha the vagma has grown of the internal genitalia is obvious A vagina of almost any si2e is 

to normal s ze illustrating the repressive effect on vaginal growth usually an md cation for assignment of the female sex 

by androgen before its el m nation by treatment. Demonstration 


<••3} A'/gwvjaJaji’A Such su effect te responyjMe Sot 
female pseudohermaphroditism Excessive tertiary 
induction of a male fetus causes either no deviation 
from normal male external gemtalia or vinlization of 
it 

Thus far only differentiation of the geiutal strue 
cure has been considered, but growth is also a factor 
smee the size of the structures has cUmcal unpor 
tance Little is known about the relationship of the 
inductors to growth, however, clmical experience has 
shoivn that androgens (tertiary induction) are impor 
tant stimulants to the groivth of the male genital 
tract and repressants to the growth of the female gen 
Ital tract (Fig 7 3) 

In summary all human beings will develop along 
female bnes if there is no testicular tissue, that is, 
secondary and tertiary induction Imperfect second 
ary and tertiary induction permits the presence of 
vaginal and uterine remnants with mcompletc mas- 


cuhajzattfm of the exteisa} geTitluha. Aiidmgen Is the 
pnme factor responsible for growth of the genital 
structures 

Embryology —Embryologic development of the 
gemtal tract is controlled by the genedc, testicular 
and androgemc determinants mentioned in discus- 
sion of normal sexual differentiation When the hu 
man embryo is 6-8 weeks old (15-20 mm length) the 
anatomy of the gemtal tract is exactly the same for 
male and female, that is, there is an indifferent state 
(Fig 7-4, A) At the time of the indifferent state, the 
important urogenital structures include the cloaca, 
Wolffian and MuUenan ducts, gonadal primordium. 
gemtal tubercle labioscrotal folds and genital swell 
Ings In the absence of secondary and tertiary indue 
tlon (the presence of ovaries) Mullerian duct develop- 
ment progresses and the Wolffian ducts regress (Fig 
7-4. fi-D) In the presence of secondary and tertiary 
induction (the presence of normal testicles) W'olfiian 
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INOIfrtRENT STATE 



Fig 7 4 -Diagrammatc sketches o>s«q<j«nt at changmnth* 
sna(om>i jna meitfs/ertt tisia is eenfMeamto that of a nomat 
female and male Ca/eful attent on to these dynam c changes m 
the fetal anatomy is important because they expia n the geniio 
graphic find ngs of the neonate b C and 0 dep ci devetopment 
of the vag na vulvar vest bulc and uterus from the urogenital 
e nus and Mullerian ducts E F, C and H outfure the sequent al 
development of the penis scrotum urethra vas deferens and 


C D 



prostate Absence of testes (i e absence of aeeondaiy ten ary 
fnductron) causes development of normal female anatomy 
whereas presence of testes (i e presence of secondary and ter 
liary Inductiort) causes a normal mate Oet cieni ano/or incom 
piete secondary and tertiary Induct on may result in any of the 
■ntermed ate Types between the ihd fferent state of A and the 
normal female and mate anatomy of D and H 


duct development progresses and the MuUenan ducts 
regress (Fig 7 4 E-H) 

The Mullenan ducts he side by side between and 
caudal to the Wolffian ducts, the four ducts ending in 
the pelvic portion of the urogenital sinus and forming 
the gemtal cord In the male the Mullenan ducts atro- 
phy but traces of their caudal pomons fuse to form 
the utnculus in the floor of the prostatlc portion of the 
urethra. In the female the Wolffian ducts atrophy, 
persistent portions are known as Gartners ducts 
They may persist as isolated segments as far as the 
hymen 

The cloaca Is subdivided into three pomons (1) a 
vesicourethral pomon continuous with the allantois 
(2) an intermediate narrow channel the pelvic pox 
non, into which the Wolffian and Mullenan ducts 
open and (3) a phallic pomon closed mtemally by 
the urogemt^ membrane (Fig 7-4 A) The second 


and third parts together constitute the urogemtal si 
nus The caudal pomon of the vesicourethral cloaca 
incorporates the ends of the ureteral diverticula and 
gives nse to the base of the bladder and the proximal 
urethra as far down as the intermuscular mcisuia 
(Shopfner and Hutch) The remainder of the vesl 
courethral portion forms the body of the bladder its 
apex IS prolonged to the umbilicus as a narrow chan 
nel (the urachus) which later is obliterated and be- 
comes the middle umbiiicai ligament 
The pelvic pan of the urogemtal sinus becomes the 
postenor urethra of the male and the entire female 
urethra. Absence of secondary and ternary induction 
in the female permits vagmal development by forma 
oon of a diverticulumlike outgrowth of the pelvic 
urogemtal sinus epitheLum which invades the area 
of the Mullenan ducts It is contmuous with, and 
pushes before n, the MuUenan ducts which by this 
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time have fonned the uterus and fallopian tubes (Fig becomes the mens pubis and chtons The phalhc part 

7-4, B) Progressive growth and enlargement of the of the urogemtal sinus is vertically flattened and elon 

vagina, coupled vnth rearrangement of the pelvic por gated between the labioscrotal folds to become the 

don of the urogemtal sinus which occurs with flatten vulvar vesdbule In this manner separate openings 

mg and elongadon of the phalhc portion, causes the for the urethra and vaginal orifices are created in the 
vagmaand urethra to open separately into the vulvar vulvar vestibule (Fig 7-4, B-D) 

vestibule which is simultaneously being created by In the male the early changes are similar, but the 

the phalhc pordon of the urogemtal sinus (Fig 7 4, phallus undergoes much greater development as it is 

C and D) pushed ahead by the phalhc portion of the urogemtal 

Secondary and tertiary mduedon in the presence of smus The terminal part of the phallus representing 
testes inhibits the epithehal outgrowth from the pel the future glans becomes sobd the remainder, 

VIC urogemtal smus and the Mullerian ducts gradual which is hollow, is converted into a longitudinal 

ly regress to the mmute utnculus masculinus The groove by absorption of the urogenital membrane and 
Wolffian ducts grow, elongate and accompany the thus creates the first opening of the urogemtal sinus 
testes m their migration to the scrotum (Fig 7-4, E- to the extenor It becomes elongated simultaneously 
H) as labioscrotal fusion converts it mto the male ure- 

Like other parts of the gemtal system the external thraby the action of tertiary induction (Fig 74, E-ff) 
gemtaha pass first through a penod of indifference The gemtal sweUings extend around and between 
In the female a deep groove forms around the phallus the urogemtal smus and the anus to form the scrotal 

and separates it from the other structures The tissue area, dunng the changes associated with descent of 

at the sides of the phallus grows caudad as the labio- the testicles this area is drawn out to form the sciptal 

scrotal folds and gemtal swelhngs which ultimately sacs As in the female, the urogemtal membrane 
form the labia majora and mmora the phallus itself undergoes absorption, foimmg a groove on the under 

Fig 7 5 -The six lypes ot genitographic anatomy oetermineo iCentification code with that of Figure 74 shows theembryoiogic 

by the nature of the internal genital passages Correlation of the origin of the anatomic components 


I n m 
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surface of the phallus, this groove is then Incorporat 
ed by labioscrotal fusion to form the male urethra 
Classification of gznitograpiiic types -Classi 
hcatlon of genitographic findmgs as first presented 
(Shopfner 1964) was based on the information ob- 
tained from genitography performed m 25 individuals 
with ambiguous genitalia (Fig 7 5) '* The objective of 
the classification is to assist the radiologist in inter 
preting genitographic findings It Is not based on and 
has no relation to other classifications of intersex that 
have been proposed (Spence Wilkins 1957), they are 
based on gonadal biopsy and chromatin patterns 
whereas the genitographic classification is based on 
the anatomy of the internal genital passages which 
indicates the practical sex 
Experience with the classification now includes 78 
patients, and it remains as valid as when originally 
proposed No attempt is made to depict or predict 
gonadal and genetic sex from the classification be- 
cause they are not imponant in the assignment of a 
practical sex Genitographic findings affirm the exist 
ence of a vagina and/or urogenital smus and shows 
the relationship of the urethra to them It is important 
to demonstrate only the passages which communi 
cate with the extenor, since the presence of a urogen 
ital sinus and vagina of almost any size is an indica 
Uon for female sex assignment because it 1$ easier to 
transform a sexually ambiguous person into an ac 
ceptable female than into a male The classificauon 
does not include those rare instances of true hermaph 


roditism and male pseudohermaphroditism with 
atretic or hypoplastic structures that do not communi 
cate with the exterior of the body 
It is convement to think of intersex anatomy m 
terms of deviation from a normal female since m the 
fetal penod all humans develop as females m the 
absence of testes All changes from the normal fe- 
male represented by the six types of gemtographic 
anatomy are varying degrees of mascuhnizaaon 
caused by imperfect secondary and tertiary induction 
Type I IS simple chtoral hypertrophy It represents 
masculuuzation of the phallus, but all other structur 
al aspects are female (Fig. 7 5) No labioscrotal fu- 
sion occurs therefore labial development is normal 
the phallic urogenital sinus is flattened and elongated 
into a vulvar vestibule and the urethra and vagma 
have separate openings mto it Vaginal development 
IS complete, and genitographic demonstration of it m 
the neonatal penod is an indication for assignment of 
the female sex (Fig 7-6) These individuals have a 
uterus and ovanes which make it possible for them to 
bear children. Sex life is adequate as a female Subse- 
quent treatment is not always necessary, but if it is 
only a simple revision of the phallus is required This 
should be postponed until after puberty when the 
adult anatomic structures are fully developed and an 
accurate appraisal of the revision needs is possible 
Type II represents additional masculuuzation 
which involves the urogenital sinus in addition to the 
phallus as in type 1 (Fig 7 5) Partial labioscrotal fu 


Fig 7 (left) —Type I ansiomy This 4 y«af old (nd vidual was 
b«ing<asr«dwagirl but tna mother was concerned because the 
child appeared to have a penis There were a pnaiius tabiamaiora 
labia m nora and vulvar vestibule A female urethra opens into the 
vest Duie behind wh ch iS a normal s zed vag na capped supen 
orly by the indentation of the utenne earvu A vag na ol any size 
is Ind cat on for ass gnment of the female sex and loftonaiely it 
was assigned at birth to this child 
Fig 7 7 (right) -Type II anatomy This 38 year old male 


has a phallus with a s ngla opening at its base The urogenital 
$ nus receives the urethra and vagina separately Part al fill ng ol 
the uterus has occurred The vagina ind cates female anatomic 
capabii ties but th $ md v dual is loreed to lead the life of a mala 
because me sex of rear ng was improperly ass gned at birth 
He IS actually a female who has been mascul nized by mild 
adrenaf cortical hyperplasia Gonadal chromosomal and hor 
monal evaiuat ons ind eated the female neture (Prom Shoprner 
Radiol Chn Noith America 5 151 1967 ) 
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Fig 7 8.-Typ9 111 anatoffiy In this 1 week oiS md virtual 
ambiguous genitalia there was a phallus and a single urogen O' 
open ng in the perineum Genitography shows a short urogen o 
sinus w th most of it incorporated into a longer malei he urethra 
Extending posteriorly is a fully formed vagina capped by a nc' 
mal uterus Th s anatomy is an ind cation for the female se* a* 
s gnment Gender is properly established as female if ih s sex * 
885 gned promptly at or shortly after birth In th s pat ent tPe 
female sex was assigned despite a male chrontat n pattern ahd 
intra abdominal testes Admmistrat on of hormones to nOuCe 
female secondary sex cheracter st cs alter test cuia i ssue $ 
removed assures a sexually adequate female from the anatom c 
standpoint 

Sion has occurred and there is a single penneal open 
ing at the base of the phallus It is the opening of tlt« 
urogenital sinus which has been elongated bv tertiafy 
induction (Fig 7-4) Vaginal development is complete 
and Its opening into the urogenital sinus is postenor 
to the female type urethra (Fig 7 7) Female sex as- 
signment should be made on the basis of the fu^X 
developed vagina. These individuals are usually tli® 
result of masculmization of a female fetus by andi®" 
gens which may come from the adrenal cortex 
from androgemzing hormones admimstered dunifP 
the first tnmester of pregnancy In this event tli® 
Ovanes and uterus are normal These individuals lejtti 
sexually acceptable hves as females and are fertil® 
The only treatment necessary is possible revision of 
the phallus and penneal opening at or near the time 
sexual function is anticipated 
Additional masculmization produces Individual 
with type III gemtographic anatomy (Figs 7 5 and • 
8) The natural and irresistible development alo^ 
female hnes is partly inhibited by incomplete second 
ary and tertiary induction There is a phallus ivith a 
single opening either at its base or m the perineum 


The urogenital smus is short and remains about as it 
was in the fetal mdifferent stale Vaginal and uterine 
development were not inhibited so they exist as fully 
developed structures The phallus cannot function 
adequately as a penis in spite of numerous surgical 
procedures On the other hand, the vagina, with little 
or no surgical revision permits adequate sexual func 
don as a female Therefore, and despite the possibility 
that the chiomatm pattern and gonads are male, the 
female sex should be assigned Testicular tissue 
should be excised and female hormone therapy ad 
mmistered at puberty These individuals can be emo- 
tionally adequate as females if this gender is estab- 
lished at birth of course they will be sterile 

Type IV represents more masculmization (Fig 7 9) 
A phallus exists with a smgle openmg usually at its 
base The phallic urogemtal smus has been progres- 

Flq 7 9 -Type IV anatomy This 2 month old infant bad a 
male sex assignment at b rth on the basis of a phallus However 
the parents were concerned that something was wrong with the 
pen s because the unnecame from a hole m the perineum At the 
t me ot gen tography there was a phallus and a single urogen tal 
opening in the perineum Anatomic structures are the same as 
tor type Ml except that the urethra Is longer vag nal size is 
smaller and there is no inrt eat on of a uterus Chromat n pattern 
and gonads were male indicating a male pseudohermaphrod te 
However the sex was changed to female because eonstruet on 
of a pen s d d not seem poss ble Steril ty w II ex st because tes 
tcuiar Issue is to be excised and female hormones administered 
so that female secondary sex eharaeier st cs develop at puberty 
A vag na of almost any s ze is vat d medical indication lor female 
sex assignment because it is easier surg ealty to make an accept 
able female than an acceptable male 
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RS T -Type V anatomy This 15 month old patent had 

hypospadias with the urethral meatus on the shaft of the hypoplasi c 
perns iust above where It jO ned with theaerelum andpenneum There 
were undescended lest cles the riflht one paipa&ie in the gro n end the 
left one not paipaMe The urethra is disl nctly shortened but male in 
type and the Mullerian duet remnant comes from the midportion of the 
poster or urethra Th s chifd is committed to be a male but facea the 
form dable d Ihcuil end usually unsueeeasful ettempt at reeonsiruet on 
ot a penis If should bt reeogn red that object ves tn the surgical repair 
of hypospad as sre to create a urethra that dra ns as nearly as possible 
at the end of the penis There sre no surg cal leehn es reconstructive or 
grafting wh ch can create a senusliy function ng penis 
Fig T It (above) -Type vi anatomy Th s month old patient has 
hypospadias win the urethral meatus juat behind the glans An 
utncuius mascuiinus exists which is a littia larger than average Th a 
individual IS comm ited lo be a male and h s saxual outlook la optimal 
because a penis sutlicienliy well developed lo hsva the urethra near the 
gians reguires little surgery and functions adequately from the texual 
siandpo nt 


Bively elongated Into a longer male type urethra Vag 
inal and uterine structures exist but are hypoplastic 
These individuals are usually male pseudobennaph 
rodites However the presence of a vagina is an 
indication for the assignment of the female sex It is 
a formidable taslt lo reconstruct the penis whereas it 
is a simple matter to revise and remodel the hypoplas- 
tic vagina into a functional female sexual makeup 
These individuals require castration and female hor 
mone therapy for development of female secondary 
sex characteristics at puberty They will be sienie 
Types V and VI represent different degrees of what 
IS climcally known as hypospadias A phallus of van 
able size exists and in type V the urethral meatus 
opens anywhere from the midpeiule shaft to the base 
of the phallus There is a MuUenan duct remnant 
which actually consists of an enlarged utrfciilus mas 
cuhnus (Fig 7 10) There is no vagina. The Mullerian 
duct remnant originates higher from the postenor 
urethra at the site of the embryological genital cord 
Type VI is a milder form of hypospadias with the 
urethral meatus opening in a more distal location 


along the shaft of the perns The MuUenaix ducts 
have undergone complete regression so that they per 
sist as the normal utncuius which may or may not be 
filled on genitography (Fig 711) Patients with either 
type V or type VI usually have undescended testicle 
on one or both sides It is important to demonstrate 
the Mullenan duct remnant because it differentiates 
between male pseudohermaphrodibsm and lateral 
ized true hermaphroditism The laterahzed true her 
maphiodite frequently has a hypoplastic uterus and 
tube in the hernial sac accompanying the undescended 
testicle The presence of a Mullenan duct structure 
opening into the postenor urethra indicates that the 
patient is not a laterahzed true hennaphrodjte be- 
cause the Mullenan duct structures cannot form the 
enlarged utncuius mascuiinus and in addition the 
hypoplastic uterus and tubes in the hermal sac 
Types V and VI usually receive a male sex assign 
ment because the phallus is fairly well developed and 
a scrotum of some type exists However, a female sex 
assignment should be senously considered in individ 
uals who have minimal penile development and a 
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F!9 7 12 —This 9 year old patient had test cles in the gro n 
and third degree hypospadias at birth He had had t ve surg ca> 
procedures for reconstruction of the penis and urethra Physical 
inspenion revealed an Irregular fibrotie 3 m long structure 
which resembled a penis more because of its locaiion than be 
cause of its appearance A reflect on of the d ft cutty of surg cal 
reconstruction of the penis and urethra is the genitographic ap- 
pearance seen here The urethra is a saccular atonic structure 
which has little resemblance to a normal urethra Reactive spasm 


Iromthe retrograde injection prevents f lling of the postenor ure- 
thra but a Mullerian duct structure (type V} does f It (arrow) An 
object ve of reconstructive surgery must be to create a sexually 
adequate pen $ and this is not now poss ble with severe hypo- 
spadias Most ind viduals who have hypospadias w th (he urethral 
open ng in the proximal half of the phallus (pen s) have a better 
prospect as females from the standpoint of urinary and Sexual 
reconstruct on 




Fig 7 13 In ih $ $ year old pat ent w ih hypospad as the 
urethral onf ce was at Ihe base of the phallus The left test cle 
was pa pabie >n the rngulnai canal but one could not be palpate^ 
on the nght Gen tography shows a shortened hypospad e 
urethra and fully developed vag na. The anatomy is funct onaily 
that of a fema e but th s ind vidual is being asked to lead the 
hie ot 8 male w thout the anatomic capab lity Gen tography 

pentwirivu’eTArttTjm'vinTiS’tfiiWPlirsiWifft'HPTiTBsm* ittv 

pnnc p e of ass gn ng sex In accordance with anatomic 
capab I ty rather than chromosomes and gonads should be 
fol owed 
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severe hypospadlc urethral openmg even thougH 
there Is no significant vaginal development It Is ex 
tremely difficult to reconstruct a sexually adequate 
penis in a severely hypospadic individual whereas it 
is relatively easy to reconstruct a vagina that will 
make a sexually adequate female (Fig 7 12) Sex anJ 
gender assignment should be established at birth W 
permit female psychosexual adaptation In additiort 
to the vaginal reconstruction testicular tissue must 
be excised and female hormones administered at pu 
berty Individuals with type V and VI anatomy wht? 
receive a female sex assignment wiU be sterile as i# 
the case in types III and IV 
We emphasize again the purpose of genitography 1^ 
not to predict genetic and gonadal sex but to permit 
the assignment of a practical sex In accordance with 
the structural capabilities Specifically it established 
the existence of a vagma and/or urogenital sinus and 
shows the relationships of the uimary tract It is not 
recommended that genitography replace previously 
used diagnostic methods It is to be used in coixjuncy 
tion vnth all other methods In achieving a final and 
precise diagnosis Genitography should take prece 
dence over other diagnostic methods in order to assure 
a prompt sex assignment in accordance with anatom 
Ic capabilities at birth Patients with so-called hypo- 
spadias should have genitography to prevent the 
common occurrence of a severely hypospadic male 
with a normally developed vagina beuig assigned a 
male sex (Fig 7 13) 


Vaginitis 

A vaginal foreign body may be present when an 
infant or child has persistent inflammation and dis 
charge Schauffler found 9 instances (3%) of foreign 
body in 302 patients with vaginal discharge A bloody 
discharge and foul odor strongly suggest a foreign 
body Vaginal foreign bodies can be detected by rectal 
palpation combined rectovaginal exammation vagi 
noscopy and radiographic examination The last Is 
often done as a final resort Reluctance of physicians 
to refer patients for radiologic examination often re- 
sults in delayed diagnosis and inadequate treatment 
Radiologic study should be a pnmary diagnostic pro- 
cedure in all girls with subacute or chrome vaginibs 
It is more accurate and less traumatic than either 
vaginoscopy or digital examination of the rectum or 
vagma. 

Radiologic examination of the patient with vagim 
tis secondary to a foreign body begins with anteropos 
tenor and lateral views of the abdomen and pelvis 
They will detect and locabze opaque foreign bodies 
(Fig 7 14) An opaque vaginogram is then indicated 
m the event an opaque foreign body is not detected 
Punng fluoroscopy it is a simple matter to insert a 
small catheter into the vagina and distend it with 
opaque material It is seldom necessary to inflate the 
balloon of a Foley catheter to keep the opaque materi 
al withm the vagma. A synnge with its tip inserted 




just inside the vagina and the glass barrel pressed 
firmly against the perineum to obtain a leakproof 
seal can also be used to instill the opaque material 
Conventional spotfilms adequately demonstrate the 
anatomy and pathology (Fig 7 15) 

Genital Tract Obstruct on and Tumors 

Gemtal tract obstructions and tumors are discussed 
together because each presents as an abdominal 
mass which has risen from the pelvis into the abdo- 
meiL Imperforate hymenal membrane partial vagi 
nal aplasia vaginal atresia and combined vaginal 
and uterine atresia cause varying degrees of genital 
tract obstruction with accumulation of excretions 
above which produce the mass Sometimes these 
abnormahaes do not become clinically manifest until 
the menarche m only a few instances do symptoms 
and physical findings appear during the first week of 
life as hydrocolpos (Fig 7 16) 

Fetal factors explain gemtal tract obstruction (see 
Fig 7-4) The urogemtal smus is a hollow structure 
from Its eaihest existence but the paired MuUenan 
ducts are sohd structures which fuse together and 
become canahzed Their failure to canahze results m 
utenne atresia of varying degrees Localized atresia 
at or near the cervix causes utenne dilation which 
presents as an abdominal mass The commonest t)T>e 
of genital tract obstruction is however a simple im 
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perforate hymenal membrane caused by failure of 
resorption of that portion of the urogenital membrane 
which covers the urogemtal sinus 
The radiologist first inspects the penneum and uro- 
genital structures An imperforate hymenal njem 
brane is found m over 90% of the patients” An^ero- 
postenor and lateral projections of the abdomen re- 
veal the soft tissue mass The abdominal maSs xn 
combmation with an intact hymenal membrane 
which bulges downward on abdominal pressure is 
usually sufficient to estabhsh the diagnosis Needle 
aspiration via the vaginal membrane and replace, 
ment with a similar quantity of opaque medium 
makes the dilated vagma and uterus visible and con 
clusively estabhshes the diagnosis of hydrometitjcol 
pos Hysterectomy has been done mistakenly in Some 
children in absence of an accurate diagnosis 
Tumors of the gemtal tract often are first observed 
as abdommal masses Teratoma of the ovary is the 
only tumor \vith an incidence high enough to warrant 
discussion here It is important to recogmze that they 
may nse out of the pelvis and suggest an abdominal 
rather than a pelvic ongin (Fig 7 17) 

The objectives of radiographic examination atg to 
establish location origin diagnostic features suclt as 
calcium and fat densmes and relationship to coritig 
uous structures (Fig 7 18) Cystourethrography and 
mtravenous pyelography are usually the only 
Qonal diagnosuc methods necessary after plain films 


F g 7 t# Th 8 12 year old g rl had an abdom nal mass The 
hymen was imperforate and bu gad nto the vo var vest bu e A 
eyatogram lateral protect on shows ante or and supe or d s 
placement of the bladder by the m dpe v c mass (ercowe) The 
base plate a cone-shaped and has the same appearance es that 
caused by the fecal mass of const pat on B intravenous pyelo- 


g am shows lateral dev at on k nk ng end m Id d lalat on Of the 
u eters due to shorten ng of the r pa h to the bladder by Its gnte- 
or and supenor d splaesment If des red perforat on of the 
hymen followed by nject on of contrast agant can be dortg to 
document the vag nal and utenne d latat on which causes the 
mass fCourtesy of D R Parker Al en Denver Colo ) 
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ng 7 17 -InaS y«ar old girt a lower a&d9fflinatmas«tu0dan 
ly developed two days before hospitalization She had backache 
when urtnating Plain abdominal films Intravenous pyeiograms 
and films alter barium enema were obiamed A represeniairve 
film of the Intravenous pyelogram shows the large abdominal 
mass eompreas ng the ureters There is no calcification in the 


mass 9. banum enema reveals the mass compress rtg the a g 
mold colon but the rectum is m a normal position This Informs 
t on may be interpreted to ind cate that the mass d d not arise In 
the pelvis Itis important to recognize tnat pelvic maeses rise out 
of the pefwa to simulate an abdominal or g n The mese wae a 
cystic ovanan leraioma 


Hg 7 IB -In a 12 year old girl a suprapubic mass was I 
detected during exemination because of constipation This > 

scouMitm as■afls^^TnTIWy^o'o^^YOTleTIBT^rtl^tvws'o^^f^wt^l ^ 

calcifications (errows) some resembi ng teeth characteristic of t 
teratoma. No additional I Ims were exposed Surgical 
explorat on confirmed the ovarian origin and teratomatous 
nature of the masses I 
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Rg 7 19 — AMominal protuberance and a lump over the tail 
bone prompted the mother of this 2 year old child to seek medi 
cal attention A, anteroposterior and B, lateral projections show 
sacral hypoplasia and an (black arrow) irregular clomp of calcili 
cation (white arrow) associated with a mass which extends up 
into the abdominal cavity and posteriorly to the buttocks area. C 
nonobstructive hydronephrosis is the roentgen manifestation of 
ureteral and renal maldevelopment which existed initially £xam»- 


nation a year alter surgical excision of the mass (a teratoma) 
showed no improvement and confirmed the nonobstructive na- 
ture of the hydronephrosis Nevertheless bilateral cutaneous ure- 
terostomes were performed D, hydronephrosis persists 1'/i 
years later to the same degree as initially The maldevelopment 
and non^struetive nature of the hydronephrosis Is Indicated by 
Its pers stence after removal ot the mass and the ureterostomies 


of the abdomen are obtained These examinations 
assist in the location of the mass and also reveal the 
relationship and nature of the urinary tract struc* 
tures which are important because they occasionally 
reveal maldevelopment equal to or exceedmg the sig 
nificance of the pelvic tumor A peinc mass occupy 
ing space normally resersed for the bladder and ure- 
ters interferes with and presents their deselopmeni 
As a consequence, some patients wnth pelvic masses 
present maldevelopment of the upper urmaiy tract 


which IS manifested radiologically as nonobstructne 
hydronephrosis (Fig 7 19) 

Gynecologic Aspects of Imperforate Anus 
(Ectopic Anus) 

A careful review of fetal deielopment shows that 
imperforate anus is not a primary condition but is 
secondary to more basic pathology— an ectopic anus 
Prior to the 5th fetal week, the cloaca is a single 





Fig 7 20 -Emeryology of oetop e anus Follow ng ir>9 cross ^c«n( in any slags rssulls in the cl n cal types of setop canua 
haten ng cods In I througfi the progress ve stages of urorectal (F g 7 2i) An ectop e anus In ins local on of stags III causes 

septum descent in ll-VI illustrates tne dynam c act on nvolvetf pers stance of ins urogen tel s nus n females and creates the 

n rectal and urogen tal deve opment Arrest of uro ectal septum Important gynecolog e problem of proper sex ass gnment. 


structure into which the ureter Wolfhan duct 
MuUenan duct and hindgut enter (Fig 7 20 I) Dy 
namic action of Che urorectal septum separates the 
hindgut from the urogemtal structures some em 
bryologic motivator causes It to migrate in a caudal 
direction and separate the cloaca mto the dorsally 
placed rectum and ventrally placed urogenital sinus 
Progressive downward descent of the urorectal sep- 
tum pushes the hindgut before it taking it from a 
location high on the postenor wall of the cloaca near 
the openings of the urogemtal structures down to a 
point of complete separation when it reaches the cloa 
cal membrane (Fig 7 20 IJ III fie /V) Separation of 
the hindgut from the urogenital sinus is followed by 
umon of the anal plate and the rectum which then 
continue their migrabon together across the peri 
neum to reach the defuutive site of the anus (Fig 7 
20 V) This point is marked by the anal tubercles 
which have been independently developing A union 
of the rectum and anal tubercles creates the amis at 
Its defimtive site (Fig 7 20 VI) 


Failure of adequate migration of the urorectal sep- 
tum down the postenor wall of the cloaca leads to an 
abnormal connection between the pars pelvina of the 
urogemtal sinus and the rectum In this event the 
urogemtal sinus persists in the female and an ectopic 
anus Is created which opens anywhere along the path 
of caudal descent of the urorectal septum but usually 
at the supenor or infenor extremity of the persistent 
urogemtal sinus This explains the so-called high va 
gmal and postenor fourchette fistula traditionally 
desenbed m females with imperforate anus Stnctly 
speaking this is not a fistula but an ectopic anus and 
it commumcates not with the vagma but rather with 
a persistent urogemtal smus Hence the surgical 
problem with imperforate anus is detenrunation of 
the structure of the internal genital passages assign 
ment of a practical sex in accordance with anatomic 
capabilities and the preservation of these structures 
for future sexual function 
Forty eight patients with imperforate anus were 
studied by the pnnciples mentioned above the clinical 
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Fig 7 23 -A girl 7 years of ege had severe eonatipal on and a resect and ui t zat on oi the ectopic anal tract in the anaatomoais 

feealoid vaginal discharge which had pera sted since severance mvaneoiy resulta in severe eor^stlp8tlon because It cannot trans 

ol a presumtd rectovaginal hstula and pult-inroogh of the ree mr feces fi, entrance of the bladder and urethra to the unogeni 
turn at t year of age A single penneal open ng considered to be tat sinvsia shown to edvantaga by flushing injection ot the ante- 

vagina was Situated 1 5 cm enienor to me surg caity created nor perineal opening A nonobstruct ve hydror^ephrotie ureter is 

anus A cathsters ouilma the passage created by the surg cal demonstraiedbyreliua Extending above the urethral entrance to 

pull through It eommunicatea with a greatly d lated rectum via the urogemiat smus <$ a small remnant ot the vagina The ra- 
the fistula The remnant of the ectopic anal tract connects the mamder of the vag na and the uterus were surg cally removed at 

surgical passage and rectum wth the urogental Sinus Failure to i year of age {From Shopfner Seminars Radiol 4218 1869) 
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ng. 7 24 — Th s newborn g rl had mpetlorafe anus and no 
ectop e anus in the penneum Separat on of the lab a and nspee 
t on ot the vu^ar vest buie revealed an eelop c anus n th» posie 
nor fourchette A flush ng inject on of the ectop c anal open ng 
demonstrates the t stula (F) lead ng to the rectum {ft) (type f i 



ectop c anus of F g 7 21) Descent of the urorectal septum below 
the pelv c pon on of the urogen tal s nus allows normal develop- 
ment of female gen tal a B nject on v a catheters in the vag na 
(v> urethra (l^ and bladder (6) shows the exact anatom e status 
and assures preservat on of these mporlant urogen tal passages 


types of ectopic anus are shotvn m Figure 7 21 Types 
F I & F II are the only ones in which a female com 
plication exists Arrest of urorectal septum descent 
when the rectum communicates with the uroeenital 
sinus results in persistence of the latter stricture 
(Fig 7 22) In this event there is a single penr ev 
opening that may lead some examiners to consider 
the infant a hypospadic male Demonstration of the 
Persistmg urogemtal sinus is imperauie to prevent 
removal of the uterus at the time of surgical treat 
ment because of ignorance as to the exact nat re of 
the structures which persist (Fig 7 23 If no mal 
female gemtalia are present and there is no etiop 
anus m the penneum an anus will exist in the poste 
nor fourchette (Fig 7 24) Recognition of the exact 
anatomic status as shown by gerutographv assures 
proper management of the imperforate anus and 
preservation of the healthy internal genital passages 

Bladder Exstrophy 

Exstrophy of the bladder is almost always an asso- 
ciated genital abnormality It is a rare lesion occur 
nng only once in every 30 000 births which amounts 
to a total of 200 such infants bom each year in the 
Umted States Consequently the experience of one 
physician or chmc with this lesion is limited as a 
result emphasis is apt to be placed on ibe bladder 
anomaly while the significant lesion in the genital 
tract is ov erlooked , 

There are three objectives in management of ine 
Pahent with bladder exstrophy Preservation of renal 


function 1 $ the most important one The next objec 
uve IS to provide for comfort and social acceptability 
w hich in essence means either closure or excision of 
(he exposed bladder and provision of some kind of un 
nary control natural or otherwise Third is the as 
V gnmem of a sex in accordance with the anatomic 
Dotentials of the patient There Is no need for hasty 
repair of the bladder defect because small mfants 
survive this anatomic inconvenience very well Sur 
gcry should be postponed until the child has grown 
enough for adequate evaluation of renal development 
and deteimmation of the internal gemtal passages 
Williams has mdicated that these children are far 
mote likely to die of surgery than of any other cause 
and that improvement m the conditions of life rather 
than the simple mechanical closure of the defect In 
the bladder is the standard by which treatment 
should be judged. 

Embryologically bladder exstrophy is caused by 
failure of the mesoderm to form the abdominal wall 
musculature by growing downward and medially 
between the ectoderm and entoderm The embryolog 
1C defect occurs very early In fetal life when the fetus 
IS 2 4 weeks of age and consequently affects the 
development of the urogenital tract which does not 
commence unul the fetal age of 6-8 weeks. The cloa 
cal membrane extends from the yolk sac all the way 
down to the caudal end of the embryo (Fig. 7 25 I) It 
consists of layers of ectoderm and entoderm and is 
the only covering for the cloaca. Shortly thereafter 
the mesoderm begins to grow down and medially to 
form the abdoimnal musculature which will eventu 
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Fig 7 2$ - At tha fetal ageef 2 and 4 weeks meonlycovenng 
over the allantois and cloaca is the cloecal memorane which 
cons sts of a layer of ectoderm and another of entoderm (I) Pre^ 
gressive downward and med af growth of mesoderm from the 
primitive streak replaces and pushes down the ctoacal mem- 
brane The mesoderm forms the definitive abdominaf wall mus- 
culature which at first covers only the allantois (Iff AnesI Of 
mesodermal growth at this po nt results in complete bladder 
exs}/ophy orsp-CBlled ectopiC cloaca In this event all sinieiurea 
originating and communicating w th the cloaca openlolheeate- 
nor Progressive growth of the mesoderm eventually takes it 
down to cover the ves oourethral portion of the cloaca and form 


the genial tubercle (III and IV) The eloaeal membrane at this 
stage covers only the portion of the cfoaea dest ned to become 
the phaiNc and pelvic urogen lal sinus From the condition in iV 
there develops e ther the normal female (V) or the normal male 
(VI) anatomy Note that the mesoderm is respons ble lor develop- 
ment of the el tons and roof of the male urethra as well as the 
antenor abdom nal wall Arrest of mesodermal growth accounts 
for the following clinical types of bladder extrophy (1) arrest of 
mesodernw development at stage W (2) incDmpJela blaOPer 
exstrophy (III) (3) ep sped as of the male and bifid cl tons of the 
female with d astasis recti (IV) (See Fig 7 26 ) 


Bladder Exstrophy 
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Fi9 7 36.'>Chnicat iypM of bladder exstropby traced drectt^ 
from Uie embryolegic types (Fig 7 25) female types are shown 
■nFI Pil and Pill and male types in M I M ll and M lit Arrest of 
embryologic development as in types P I and M I results m arrest 
of mesodermal development at embryolog c stage ll(fig 7 2$ >f) 
Mesodermal development haa progressed only for a short ds 
tance below the yolk sac The entire cloaca is exposed to the 
extenor Therefore the ureteral vag nal urethral and rectal aper 
lures all open to the exterior Further descent ot the mesoderm 
covers much of the bladder but a small amount of it •$ st It ex 
posed (F II and M 11} In add tion the roof of the pen le urethra is 
exposed result ng m ep spadias and the posterior urethra 


ally cover the cloaca destined to become the bladder 
(Fig 7 25 II) As the mesoderm grows down it pushes 
before it the cloacal membrane which ultimately 
comes to cover the cloaca which is to become the 
defiiutive urogenital structures (Fig 7 25 III and IV) 
It is important to recogmze that the mesoderm also 
forms the gemtal tubercle and symphysis pubis Sche* 
matic sequential sketches in Figure 7 25 show these 
changes from the time when only cloacal membrane 
covers over the cloaca to the full development of the 
female (Fig 7 25, V) and male normal anatomy (Fig 
7 25 VI) 

Arrest of the medial and doivnward descent of the 
mesoderm during any one of the mtermediate stages 


tormoa by the pelvic urpgen fel s nut i kcwise it exposed fn the 
female (P H) both urethra and vag na open to the extenor In both 
mate and female the pot tion of the ectopic anus is vanable but 
usually It rs in a pennea! site Furthef descent of the mesoderm 
causes alt ot the del nit ve bladder to be covered • iher by ab- 
dom nal musculature (P 111) or by a layer el skin if mesodermal 
development extends down to the level of the ger^ tal tubercle 
but does not meel in the midi ne In the female this leads to the 
ciinieel condit on of b I d cl tons (F III) and In the male is the 
class cepispadias vnth or without d asias s recti (M III) Failure of 
synrphys s pub s development w Ih separal on of the pubic bones 
•s a constant I nd ng in all cl n cal types 


i-VI, results m the clinical types of bladder exstrophy 
shown in Figure 7 26 If no mesoderm develops all of 
the urinary and genital structures are exposed to the 
exterior (Fig 7 26 F I and DI I) If partial mesoderm 
development occurs only a small part of the bladder is 
exposed but the urethra and gemtal structures open 
to the extenor (Fig 7 26 F II and Af II) Further de 
scent and migration of the mesoderm results in com 
plete coverage of the bladder and genital structures 
but widi (he condition of epispadias in the mole and 
bifid cbtorls in the female (Fig 7 26 F III and Af III) 
The female Internal genital passages must be pre* 
served so that the individual can pursue a reasonably 
normal sexual life Alt openings contained in the al> 
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Fig 7 27 - A newborn wth exstrophy of the bladder b the 
patient male or female? The answer Is the respons b Ity ofthe 
rad ologist who must I rst explore the deformed mass of 
abdominal wall for urogen tal open ngs Three we e found in the 
area of the arrows F gure 7 28 Is the gen togiam of this pat ent 
(type F / of F g 7 26) (F g$ 7 27 and 7 28 from Shopfner Rad ol 
CIn North America 5 151 1967) 



Fig 7 28 -Genitogram of the pat ent Irt F gure 7 27 A cathe 
tars are n the open ngs ind cited by the upper and middle ar 
rows of F gure 7 27 wh eh a e the urethra andvag ns respect ve 
ly Iniect on of opaque material Into these oatneters shows the 
bladder and a normal s aed vag na d so aced inter or y and su- 


per orly 8 a tn rd cathelar has been nseriad n the open ng Ind 
cated by iha lower arrow n F gure 7 2? and opagua matar al 
shows an eclop e anus w th a long f stuleus tract lead ng to 
the rectum (ty{« F / of F g 7 261 C end D are rad ographa of A 
sndSraspect vey 




Ectopic Anus 
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Fig. 7 29 —Bladder exstrophy n a 1 /> month Qtd rtfant Tpe 
anus was In normal pos t on There was rio pen s but at the 
lower marg n ol the deformed abdom nal wa I was a s ngle opeh- 
ng (arrow) Inject on of contrast agent Into the open ng showed 
It to be the postenor urethra No vag na ex sted In ih s case e 
female sex ass gnmeni s adv sable because ma e sexua lunct on 
s mposs ble to atta n by reconstruct on whe eas t s re at veiy 
a mpie to construct a vag na. 

(fominaf wall defect must 6e explored for idenctdc^ 
tion of urogexutal structures so that they can be tec 
ogtuzed and preserved (Figs 7 27 and 7 28) A vagma 
of almost any size is an indication for the assignment 
of female sex. The patient who does not have a vagina 
and therefore is male but lacks anatomic capabilt 
ty presents a difficult problem (Fig 7 29) If recott 
struction of the gemtaha cannot create a functional 
penis reanng of the infant as a female is mandatory 
The true nature of all external opemngs should be 
ascertained and the vagina identified Beconstruction 
of tbe penis is a formidable and discouraging task 



Fig. 7 ai — B lateral calc ferous masses m b laleral ovotestes 
n a pat eni 16 years el age who although brought up as a g rl 
has never menstruated The calc f eat on$ (arrows) are in b la er 
al ovotestes and a segment of ep d dym s on one s do w th no 
evidence of ovanan t ssue Th t true hermaphrod to has the 
moss c sex eh omosome pane n of XY XO (Courtesy of Dr Ar 
thur Rob nson Denver Colo ) 

because eventual production of a sexually adequate 
and fertile male is rare/y achieved when the penis Is 
severely tnaJdeveloped Maldevelopment of the scro- 
tum and undescended testicles are common associ 
ated malformatjons in the male patient These de- 
fects are manifest on physical examination 
Teratomas of the testicle can be recogmzed radi 
ographically when they contain calcified ossified 
elements (Fig 7 30X Bilateral calcification in the ovo- 
testes can be Identified in plain films (Fig 7 31) 
When the vaginal process is open in an inguinal her 
ma calcifying mecomum pentomUs may extend into 
the scrotum and be visible in plain films 


Wj r 3S — Teratoma oftfie leshele mttrteve atcaotertcoK*- 
ponems 
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Fig 8 2 —Normal corrpan on imago (arrows) to lha lateral wa I 
oMha temurs ofa haaittiy boy5/i sol age itiartcmal m 
ago must not be m staVen (or a tumor or an ebaoess or tor ea ly 
conlcar (h cken ng o( the femu s We have not been able to dert 
t fy th s structure anatom os ly but we be eve | to be the seg 
ment of the vastus Intsrmed us muscle In d ect contact w th the 
lateral wa I of the lemur In this boy as Is usua y true the images 
are b laterally symmetr ca In left and r ght th ghs 

with the thickness of the tissue For this reason the 
thicker portions of the soft tissues cast denser shad 
owfl than the thinner portions 
According to Stuan and Sobet the thickness of the 
subcutaneous assue increases during the ftrst mne 
months of Ufe then decreases abruptly until the 30th 
month and then even more slowly until about the 
69th month when the actual chicjjiess Is on the aver 
age about one-half as great as at 9 months During 
the penod between 66 months and 1 1 years the thick 
ness remains unchanged but at the onset of puberty 



Fig 8 4 -iUd oiucent (stty St p ng of the muscular mass eon 
trguous to in« lemur /(/ft bdotvttieg ester trocbanter nag 110 
years ol age who was weak n both tb gha The changes were b 
late a y symmet eai and p obabiy located n the vastus lata al s 
muse e near ihe s te of aitaehment to the (emu We a e unee 
U n ol the cl n cal s gn t eance of these fatty changes because 
we have seen them in normal ch idren ae we I as those suffering 
from weakness and f cm muscula d seases 

between 21 and 13 years there is a substantia] accu- 
mulanon of subcutaneous fat During childhood girls 
have more subcutaneous tissue than boys In healthy 
growing individuals of the same sex and age the 


.Fyi 33 -Tuhufar.sfiadows of water dens (v east b.vb cod vessels In tne more rad oluoent 
subcutaneous fat n an Infant 


Soft Tissues 


/ 



Fig B 5 -Edema Gf the soft tissues of the thigh show ng appearance is caused by fluid of water density In the connective 

coarsening and exaggeration of the connective tissue reticulum t ssue septums surrounding the more rad olucent fat lobule^ 

of the subcutaneous fat A roentgenogram B drawing of A The 


greatest vanability m the amount of subcutaneous 
fat occurs dunng infancy and at pubescence 
In healthy children there is often a muscular strip 
of water density which runs along the lateral edge of 
the femur beginning at the lower edge of the greater 
trochanter (Fig 8 2) This normal muscular mass 
must not be confused with tumors or abscesses In 
poliomyehtis the fat may be increased in this muscu 
lar mass to a degree which produces a radiolucent 
stippling and stnping (Fig &-4) 
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Intlammatiens 

Inflamed soft tissue structures are usually swollen 
and edematous The increase in thickness of the in 
flamed pan is responsible for a greater absorption of 
X rays and a more dense regional shadow When the 
inflamed part hes contiguous to the subcutaneous fat, 
the inflammatory exudate extends into the connective 
ussue reticulum and thickens the individual trab^u 
iae. This is recorded roeotgenographlcalJy as a subcu 


Fig 8 s —Abscess of the soti f ssoes cl ihe thigh w th a s nos ifset (sirows) extend ng from the deeper 
muscular masses to the skin The ne ghbonng fatty layer is moderately edematous 
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taneous reticular pattern of Increased density Extra 
vasated blood and noninflammatory edema fluid ui 
the subcutaneous layers produce a similar roentgen 
appearance (Fig 8 S) Localized inflammatory mass 
es cast shadows of increased size and density with 
varying degrees of coarsening of the subcutaneous 
reticulum inflammatory sinus tracts running 
through the subcutaneous fatty layer are often visi 
ble, owing to the heavier density of their walls (Fig 6 
6) When the portal of entry of a primary tuberculous 
infection is located In the skin, the swollen regional 
nodes during the exudative phase and pnor to calclfl 
cation may be visible as shadows of Increased dens! 
ty Enlarged nontuberculous nodes case similar shad 
ows In the soft tissues 

Neoplasms 

Neoplasms of the soft tissues generate shadows of 
water density similar to those case by the tissue from 
which the new growth originated A tumor appears as 
a shadow of increased density owing to a regional 
thickening of the part The heavier edges of the neo- 
plasms are visible when they project beyond the nor 
mal external surface of the part and are outlined by 


the contrast density of a more radiolucent layer of fat 
The size shape and location of many soft tissue tu 
mors can be determined with a fair degree of accura 
cy Encapsulated tumors exhibit well defined smooth 
edges the margins of infiltrating tumors are poorly 
defined and poorly visualized 
Hemangiomas and lymphangiomas are common 
tumors in the extremities of infants and children 
When the edges of these tumors are in contact with a 
strip of overlying fat the individual penpheral ves- 
sels appear as multiple tubular shadows embedded in 
the more radiolucent fat (Fig 8 7) Large blood and 
lymph vascular neoplasms are often associated with 
hypertrophy of the extremity afleeted Ward and Hor 
con found that congemtal arteriovenous fistulas are 
common in large hemangiomas and nevl The exact 
morphology of the larger arteriovenous fistulas is best 
demonstrated by vasography The presence of fistulas 
IS usually indicated by elevation of the cutaneous 
temperature and increase in the oxygen saturation of 
the venous blood from the part as well es by regional 
hypertrophy of the bones and soft tissues In the case 
of extensive infantile and juvenile vancosmes how 
ever the regional bones and soft tissues are normal or 
may be hypoplastic 
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Lipomas with a high fat content cast sha of 
the same density as the normal tat which is e hari 
that of the surroundmg nonfatty soft tissues LiporiaS 
appear roentgenographically as sharply demarc ed 
round or oval shadows of diminished density {Fu 8 8 
and also see Fig 2 350) Lipomas may compress pe- 
npheral nerves especially at the elbow where ihe^f 
cause radial nerve paralysis Unexplamed radial 
nerve deficiencies warrant radiographic study of th^ 
elbow and careful inspection of the compressing 
lipomas Lipomas ivith a low content of fat are invlsi 
ble or poorly visuahzed Rarely there is a diffuse in 
crease m the adipose tissue m a part of an extrenutf 
m which the muscular bundles are surrounded and 
separated by thick layers and masses of hyperplastic 
fat (Fig 8 9) The amount of connective tissue reticu 
lum vanes in different fatty tumors In some terato- 
mas sacs filled ivith fatty fluid may cast shadows of 
dimimshed density identical with those cast by sohd 
hpomatous masses 

Total hpodystrophy is charactenzed pnmanly bV 
total absence of body fat The absence may be cor* 
genital or acquired The cause and causal mecha 
nisms are obscure According to Wesenberg and asso- 
ciates radiographs of the extremities demonstrate 


Fg 8 9 -Reg onal g ant sm and I Romatoss of the th dan^ 
fourth d g ts w th g ant sm of less degree of the th rd metacarp^' 
and perhaps the tourth metacarpal ot an otherw $e hea thy boy 2 
years of age 



the absence of subcutaneous fat and shght compen 
satoryincrease in the muscular masses The shafts of 
the bones are overconstneted with flared ends and 
relatively large epiphyseal ossification centers Bone 
age IS consistently and markedly advanced The third 
ventricle has appeared to be large in some pneumo- 
grams Excretory urograms have been normal In 
some patients but have shown large kidneys with 
stretched renal pelves in others 
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Calcification 

CaiciSentttrs ttimws vw trSs-iaM. tjpatycre 

shadows of a density similar to that of bone (specific 
gravity 1 9) they are visible on shadows of water 
density as well as those of fat density Lime may be 
deposited in traumatic or infectious or neoplastic ne- 
crotic foci in any of the soft tissues 

Cutaneous calcification is rare m infants and chU 
dien and roentgen technics are rarely used in its 
identification Calcifying epitheliomas are often Invis 
ible although palpable The larger of these small 
tumors which tend to develop m the fascial and cer 
vical regions frequently have sufficient lime in them 
to be visualized radiographically These bemgn calcl 
fying epitheliomas (pilomatnxomas) extend from the 
skin surface into the subcutaneous levels as dilated 
follicular crypts They may be as large as 3 cm in 
diameter 
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Subcutaneous fat — Calcinosis universalis a 
rare disorder of infants and children is a term ap- 
plied to calcifications which begin in the subcuta 
neous fat but later involve other connective tissues 
such as muscles ligaments and tendons Bauer Mar- 
ble and Bennett found the calcareous matenal to be 
made up of calcium phosphate and calcium carbon 
ate m proportions similar to those of norma] bone and 
of other types of abnormal calcifications in the soft 
tissues The earliest structural change appears to be 
the deposition of finely divided particles of lime 
around the periphery of otherwise normal fat cells 
this inititd deposition of lime is not preceded by in 
flammation infarcuon necrosis or hemorrhage in the 
fat. The entire fat lobule may eventually be replaced 
by lime and then a foreign body reaction sets in 
which brings about fibrosis giant cell formation and 
slight round cell infiltration. Small calcareous nod 
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ules coalesce into larger masses which may break 
through the skin and then be extruded from it (Fig 6 
10) Inflammation appears to play no part in this proc 
ess The fat in the pericardium, mesentery nTn«.nn»m 
and penrenal spaces is not affected Later, however, 
calcification extends to the connective tissues be 
tween the muscles-to the fascial sheaths tendons 
ligaments and nerves The internal organs escape 
completely save for the mesenteric lymph nodes, 
which were calcified in one case 

The findings in the roentgen examination depend 
on the stage of the disease in which the patient is 
examined In children calcific foci are visible in the 
subcutaneous fat and neighboring connective tissues 
(Fig 8 11) Dunng infancy, In contrast calcifications 
are usually limited to the subcutaneous fat (Fig 8 12) 
and should not be mistaken for congenital cutaneous 
osteomas In one of our patients cutaneous calciiica 
non was first noted clinically in the scrotum and 
there was extensive scrotal calciflcatlan when he was 
first seen by us at 11 months This is interesting be 
cause the scrotum is said to be the one segment of the 
skin which has no subcutaneous fat, this is true in 

Fig 8 10 -Calcinosis vnivarsalis (intersi tialis) in a boy 10 
years of age Photograph shows several types o( lesions subcu 
taneous nodules perforal ng calcific masses and res dual cuts 
neous defects and scars after extrusions of the t me masses 
(From Bauer efaf) 




Fig 8 11 —Lateral projection of the knee and th gh showing 
lobuiated calcifications in the subcutaneous fat In front of the 
femur of a boy 10 years ol age The lea one are lim ted sharply 
below In addition to the subcutaneous tat caleifieat on may bs 
present In the superficial layers of the quadr ceps muscle (ea ei 
nosis universal s^) 


the adult at least, whose scrotal subcutaneous Qssue 
is made up of the muscular dartos Cutaneous calcih 
canons were reported m one patient 5 weeks of age 
with calcmosis umversalis In a black girl 12 years of 
age Davis and Moe found that calcinosis universalis 
responded favorably to edathaiml disodium VVe have 
seen one paaent in whom severe and scattered calci 
nosis universalis disappeared spontaneously and 
completely without treatment between the 5th and 
9th years of life 

Calcinosis circumscripta is characterized by calci 
hcations in the subcutaneous fat only, this disorder is 
much rarer than calcmosis universalis 
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Neonatai subcutaneous fat necrosis (pseudo- 
sclerema) IS found m otherwise healthy mfants who 
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Fig B 12. -Ca einoa s un versa a n an 
Infant 9 monlha of age A, csleiferoua feel In 
the subcutaneoua t asuea el the leg B 
extena ve I me depeslts in the scrotum 
probably In the Oanos C calcs eous plaques 
n the scrotum and penneum 


Fig 8 13 Calc fy ng aubci/tanous fat nee os a n the th ghs of an nfant 47 days of age 
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Fla 6 14 -Genaraliied suBculanousUt n««fosi*n«nM'1a''*5 
montnj ol age who was inrlvlng otharwije The suMuianews let 
of the right arm and forearm is ealensivaly eaieided in a diagrxM 
t c lodulaied pailern Sim lar changes were present m the sk.n of 
both arms both legs the abdomen and pelvis The skm oi the 
head was not affected (Courtesy of Dr fi Parker Alien Denver 
Colo) 

exhibit hard plaques in the skin The cheeks shoul 
ders and thighs are sites of predilection the cause 
is unknown, but it is beheved that obstetnc trauma 
plays a secondary causal role Usually there are no 
systemic symptoms, the temperature is not Increased 
Sometimes the indurated cutaneous patches aie 
slightly hyperemic The prognosis is good and the 
subcutaneous lumps gradually disappear In the course 
of several weeks without ulceration or scars Duimg 
the late healing stage, large and small calciferous 
foci may be demonstrable m the roentgen film (Figs 
8-13 and 8-14) 

In two neonates who had been immersed in ice 
water in the treatment of neonatal asphyxia Duhn 
and associates observed subcutaneous fat necrosis 
and massive calcifications without hypercalcemia 
that appeared two and five weeks after the imm« 
sions Focal subcutaneous calcifications devcltr^ in 
all parts of the skin except in parts of the head wWcb 
were not immersed At age 6V, months the calcifica 


Uons had been resolved except in some large plaques 
in the buttocks in one patient In the second patient a 
substantial resolution of the calciferous foci was evi 
dent at 4 months 
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EhUrs Danlos syndrome is a rare but striking dis- 
order with two mam pathogemc mechamsms exces- 
sive elasticity of the skin and excessive fnabibty of 
the skin and its blood vessels These mechamsms 
produce the clmical features of looseness scairmg 
and ecchymoses in the skin and hyperextensibllity of 
the Jomts In an infant girl with Ehlers Danlos syn 
drome Lees and colleagues found multiple stenoses 
of the pulmonary artenes and tortuous systemic ar 

Ffg 8 is — Ehfsrs Danlos syndrome in a girl 18 years of age 
There are mull pie calcareous nodules in the subcutaneous fat of 
the upper arm Similar shadows were demonstrated in the subcu 
taneous fat of an four estrsm ties The hands feet head end 
trunk were free from caleificstions A sister 16 years of age ex 
hibiied similar calcifications with sim lar dislnbut on (Courtesy 
of Dr J F Holt) 



i lAw 


tenes The radiologic changes m 100 patier 'Mth 
Ehlers-Danlos syndrome were described by Bei^i.ton 
and Thomas in all anatomic systems of the body 
They pointed out the senous potential hazards of an 
giography, owing to the friability of the tissues the 
great arteries, particularly Subluxation of the jomts 
with dislocation at the shoulders and of the patellas, 
and flat feet are the most common changes in the 
skeleton Regional tumors often develop over the 
more superflcial bones and numerous nodules usually 
appear in the subcutaneous fat Dental anomahes 
and skeletal dysplasias such as radioulnar synostoses 
and delayed ossification of the cramum have been 
reported in some cases The patients are normal at 
birth, but durmg the Ist year easy bruising and easy 
breaking of the skm become evident Holt demon 
strated la^e numbers of calcareous foci in the subcu 
taneous fat of two girls 18 and 16 years of age (Fig 8 
15) It IS hkely that these calcifications had been pres- 
ent for a long time before roentgen examinations 
were made There is no record of roentgen exanuna 
hons m younger patients, but calcific nodules xn the 
subcutaneous fat should be looked for in mfantile and 
juvenile patients 

ArthrochaZasis multiplex congenita is a name de- 
signed by Hass and Hass to descnbe overflacadity m 
multiple jomts without associated hyperelasncity of 
the akin. They consider this a primary disease of the 
mesenchyme vnth genetic transmission 

REFERENCES 

Beightoa P , asd Thomas, M L. The radiology of the Ehlerv 
Oanlos syndrome, Chn Ra^ol 20 3S4 1969 
I<ees M H . et al Ehleit Danlos syndrome wuh multiple 
pulmonary artery stenoses and tortuous systemic arteries 
J PediatTS 1031,1969 

HcKusick, V A Hentable Diseases of Connecuve Tissue 
(2nd ed , St Louis C V Mosby Company I960) 

FiBRQOYSPLASIA ossificans PROCRESSiVA WITH 
MICRODACTYLY (myOsiQS ossificatis progressiva) is a 
disorder of the mesodermal tissues in which scattered 
inflammatory foci first appear and prohferate in 
fibrous tissue— the intramuscular fascia and the ten 
dons and hgaments Tender warm swelhngs are usu 
ally first noted m the neck and back of the thoracic 
wall, the onset may be as early as the 4th week of 
life After several weeks the tenderness and signs of 
inflammation disappear and the inflammatory tumors 
shrink and gradually become ossified The muscles 
are involved secondarily from the contiguous fascial 
coverings and then go through the same course of 
inflammation, necrosis and ossification After varl 
able periods new foci appear in other parts of the 
body, and progressive changes continue until most of 
the connective tissue and muscle in the body are ossi 
fied and most of the jomts are ankylosed The tongue, 
heart, larynx, diaphragm and sphincters are said to 
be never involved. Dunng the early months and years 
of the disease, lesions are largely confined to the neck 


and trunk, and the extremities are relatively or abso- 
lutely free The skin is usually exempt as well as the 
antenor abdominal wall, eye and penneum The con 
verse is usually the case for the subcutaneous calcifi- 
cations of calcinosis umversahs 

One of the puzzlmg and diagnostic features of pro- 
gressive myositis is the high mcidence of assoaated 
congemtal deformities of the big toes and the thumbs 
which are apparently completely unrelated to the 
myositis In our cases the first metacarpals were hy- 
poplastic in addition to the hypoplasia of the phal 
anges in the first digits, the first metatarsals, in con- 
trast, were normal in the presence of hypoplasia of 
the phalanges of the great toes The middle phal 
anges of the fifth digits of the hands have also been 
hypoplastic in some cases 

Laboratory investigation provides no findings of 
positive diagnostic value except an increase in the 
phosphatase activity of the affected muscles dunng 
their early inflammatory stage, some specimens tak 
en at biopsy have shown a phosphatase activity 
JOOO-1500 times that of normal muscle Samples of 
bone and cartilage from older myositic lesions have 
also shown a much higher phosphatase activity than 
normal bone from the nbs 

Dunng the eaxhest phase of the disease and before 
the formation of extraskeletal bone, roentgen exami- 
nation shows only soft tissue swellings of water den- 
sity, the anomalies of the great toes and thumbs are, 
of course, present from birth In some cases extensive 
bone formation is already evident in the muscles by 
the end of the Ist year of hfe (Fig 6-16) In older pa 
dents (he calcareous masses often show a pattern 
and texture which suggests normal bone det^ (Fig 
8 17) The distal segments of the extremities, the 
forearms and shanks, are characteristically unin* 
volved 

The cause of progressive myositis is unknown and 
there is no known effective treatment The course Is an 
inevitable, slow, progressive one in the extent of the 
mvolvement and increasing loss of motor function 
until the patient is practically helpless Not with 
standing extensive and severe ossifications in the 
connective tissues, patients may hve on into the sixth 
and seventh decades of life Often dunng the course 
there are sudden shrinkages in volume of the soft tis- 
sue swellings which, to the inexperienced observer, 
may suggest beneficial effects if the patient happens 
to be under some special treatment These unpredict- 
able remissions in the swellings are natural phenom 
ena and occur commonly in untreated patients Surgi 
cal intervention to relieve ankylosis may aggravate 
the local lesions in the connective tissues 

Lockhart and Burke treated a girl 7 years of age 
with corticotropin ivith indifferent results We were 
unable to halt the progress of the disease in a boy 7 
years of age who was treated early in the course of 
many lesions with the combination of adrenal cortico- 
steroids, X radiation and potassium iodide 
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Fig 6 17 —Juvenile progressive rnyositis ossif cans in a girl 9 
years of age who had had swellings In the neck and back s nee 
age 4 Atubular mass of calcium density is seen m the posit on of 
(he (igamentum nuchae Carrows) The texture and shape of (he 
calcareous mass resemble those of a tubular bone wth cortex 
medullary cavity and spongiosa The similarites m the nucha 
calcifications in this patient and the younger one shown m Fig 
ure ^6 are striking 


REFERENCES 

Falibank H A. T Myosias ossificans progressiva. J Bone & 
JnniSurg 32 B 109 1950 

Lockhart J D , and Burke F C Myosias ossificins progres- 
siva Report of a case treated with corticotropin (ACTfl) 
Am J Dis Child 87 626 1954 
VkiUdns IV £, Reagan E M. and Carpenter C K Pbospha 
tase studies in biopsy tissue In progressive myosius ossiA 
cans Am. J Dis Child 49 1219 1935 

Acute and chrome pyogenic rnyositis and celluU 
tis may sometinies be associated with sufficient ne- 
crosis ui the subcutaneous connective tissues and 
Underlying muscles to result in late residual calcifica 
hons which can be seen radiolfjgically These phe- 
nomena have been reported m one case of long 
standing destructive staphylococcic cellulitis and 
niyosius associated with hypergammaglobulinemia 
It IS probable that more careful foUaw up radiologic 
examinations after destructive Cellubtis would dem 
onstrate more calcification of this ongin 
Muscular calcifications after poliomyelitis have 


*^g 9-16 —Infantile progressive myosit s ossificans in a patient 
11 months of age During the 4th week of life it was noted that 
the infant could not turn his head toward a nursing bottle At the 
Same l me tender swellings appeared in the neck and back these 
later became hard and nontender At 1 1 months the extrennt es 
were free from nonskeletal calcifications save for a few liny loci 
in one arm and one shank A, massive calcificat ons ir> the (e- 
S'ons of the ligamentum nuchae and lelt sternocleidomastoid 


been noted in several patients Although tens of thou 
sands of patients have been observed early and late m 
the disease, muscular calcifications have been report 
ed in only eight It is also puzzling that all but one of 
these eight patients were adults, the single exception 
was an adolescent girl 12 years of age The mecha 
nism of calcification after poliomyehtis is probably 
the same as in all muscular calcifications-necrosis 
with increased alkalinity of the dead tissues and the 
deposition of lime m them Trophic neural factors are 
thought to be responsible for the atrophy or death of 
the muscles In some cases the process goes oti to 
actuaf ossification Cafciferous masses have been 
demonstrated in the muscles at the shoulders and 
hips, often bilateral masses, and In the thighs and 
hands 

Afeasles encephalomyelitis followed by calcifica 
lion of the para articular tissues at the hips in a girl 5 
years of age was studied by Jacobs 10 months after 
the viral infection The calcifications were gradually 
and completely resorbed during tbe next three years 
without special treatment. It is probable that more 
para articular calcifications would be found in pa 
tienis paralyzed by viral infections of the central tier 
vous system if these patients were examined more 
frequently by radiography during the later paralytic 
stages of the disease 
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Acute idiopathic calcifying myositis —Occasion 
ally massive muscular calcifications appear many 
weeks after the onset of acute fever with generalized 
lymphadenopathy and regional signs of pain tender 
ness and hmitation of motion owing to muscular 
spasms in the regions of the hips and knees The 
muscular calcifications and disabilities may persist 
for months after acute signs have subsided (Fig S-IS) 
Local myositis ossificans is common foDowlng re- 
gional thermal necrosis of muscular masses (Fig 


musde B large calcareous masses In the left axilla and sterno- 
cle domastoid the left clavicle is deformed and d slocated C, 
large soft issue swelling with small calcific area at its base in the 
occipital segment of the scalp D eymmetneal hypoplasia and 
deform ty of the phalanges of the great toes E. symmetrical hy 
poplasia and deformit es of the phalanges of the thumbs and f rsl 
imtacarpals F. deformed great toes there were no calcif c foci 
in the feet 
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rij e 18 -Acute l<f opithle myoilt s oss rieans with residual 
calcifications In the gluteal muscles (biopsy) six months after 
onset of acute pain and tenderness In the h os and knees with 
limitation of motion and (ever w th generalized hypertrophy of 
lymph nodes The patient a boy was 5 /« years of age at onset 
Similar eeleificat ons developed In both buttocks and were still 
present 18 months alter onset with limitaton of moton ai 
though lever had d sappaared more than one year before 

8 19) Johnson found myositis ossiflcans in three pa 
dents trho had been extensively burned the sites of 
ossification In the muscles did not always coincide 
with the sites of the bums 
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ng 8 19 -Local myositis oss t cans In the right gluteus med 
lus of a girl 1 1 years of age who had suffered a th rd degree burn 
of the right buttock sii years before 

progressive calcifications tn the fat and muscles dur 
ing a period of seven years but the onset was during 
the 3nl year (Fig 8 21) Mills and Mathews reported 
chronic nonspecific tnfiammanon in the lungs of a 
52 year old woman who had classic dermatomyositis 
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Dermaforni/osilis is characterized by fever and 
inflammatory changes In the sJdn and underlying 
muscles it is more common in children than adults, 
although It IS rare at all ages The muscular lesions 
are usually located In the extremities and cause local 
weakness tenderness Induration and sweDing The 
cutaneous changes are variable, they may be ery 
thematous petechial uiticanaJ or edematous. Jtesid 
ual calcifications may develop in the necrotic foci in 
the subcutaneous fat cind muscles dunng healing and 
be visible roentgenographically yean after the acute 
disease has subsided (Fig 8-20) 

Shelley and Vaughan described a progressive mus- 
culocutaneous dystrophy in which the intermuscular 
septums and possibly the muscles themselves calci 
fied recurrently over long periods Their case may 
represent an unusually extensive and longstanding 
example of chrome and recurrent dermatomyositis 
the disorder appeared during the first weeks of life 
We have observed a similar patient who exhibited 


Fig a 20 -Cluster of small shadows of ealeium Oeoi ty (ar 
row) which 1$ a res dual of a pa nful lesion of active dermatomy 
os tis five years before S m Tar calc fications developed in two 
stes in the upper arm The pat ent was 13 years of age when this 
lilm was made 




Fig 8-21 -Chronic progressive recuff«ni<J«rmaiomyos 'IS '■a 
boy 10 years of age who began to exh bit inflammatory changes 


imeskinendmuselesdufinghisSrdyear A.frontal andB.lat 

ai proieet ons 


IiJillj E. S and Mathews W H Intersaual pneumumt > m 
dermatomyosiQs JAMA 160 1467 19S6 
Shelley D C , and Vaughan J 0 Ju\enile type of 'V 'iKt 
syndrome Progressive musculocutaneous dvstropl v oh- 
served for 18 years J Pe^at 38 559 1951 
Wedgewood R J P et al Dermatomyositis Rep f 26 
cases In children with discussion of endoennr tl i ip« i 
13 Pediatrics 12 447, 1953 

Progressifc Jibrosts of the vastus 
muscle in children is a cause of limited knee flexi i 
and elevaoon of the patella One or both legs iinv b 
affected In one of our patients, the volume o*" tht 
affected thigh muscles was reduced these changes 
were clearly visible radiographically The patella is 
usually smaller and elevated on the affected side In 
electromyography, the rectus femons and lastus in 
termedius show httle or no activity Chronaxie reac 
Sons are normal The climcal and microscopic pic 
tures are those of progressive fibrous degeneraoon It 
IS possible that this syndrome is a viral myositis 
which sometimes msolves groups of muscles It is 
easily mistaken for postpohomyehtic paralysis aM 
degeneration, regional cerebral palsy and bmitcd 
amyoplasia arthrogryposis 
Ossi/icaffon of the Achilles tendon has occurred in 
children as young as 9 years (Lotke) Trauma an 
surgery are common precursors The lesion is usually 
asymptomauc, if it becomes painful, a fracture 
through the ossified mass should be suspected 
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Traumatic localized myositis ossificans (myositis 
ossificans circumscripta) may follow a single severe 
injury (Figs 8 22 to 8-24) or repeated slight fnjunes 
The pnncipaJ pathogenic factor is laceration of the 
penoslcum and displacement of the tom periosteum 
inth its bone-forming cells away from the shaft Ex 
tensive local myositis ossificans may complicate trau 
matic dislocauons of the joints, especially posterior 
dislocations at the elbows Occupational myositis os- 
sificans results from frequent recumng slight inju 
ries to one region of the body dunng long periods until 
local masses of bone appear in the traumatized mus 
cles these lesions probably result from a true meta 
plasia of local conneclii e ussue cells into osteoblasts 
rather than laceration and displacement of perios- 
teum Such muscular ossification is so far as we 
know, unknown m infants and children. Several types 
have been desenbed m adults foe dancers’ bone In 
the soleus fencers’ bone in the brachlalis antlcus, 
and nders’ bones in the subischial soft tissues 
Massive localized calcification of muscles and ten 
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FI 9 a 22 -Local traumatc myositis ossificans In a girt 12 
years of age who suffered a painful Injury several months ^lore 
It seems likely that laceration of the tlbal periosteum and dis 
placement of It are responsible for the ectopic bone format on 


dons may follow the severe convulsions and muscular 
Injuries of tetanus (Fig S<23) 
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Fig 8 2J -Traumatic myositis oss f cans (microscopic diagno- 
sis) associated with traumatic cortical thickening of the femur in 
a tKiy (0 years of age four months after a single kick In the thigh 
The cortfcaf wall of (he femur ts (hickened estemally and at the 
same levti a large rounded mass with $> ght eaieificat on is visi 
ble In the contiguous muscular mass 

Parasitic muscular calcifications are rare in the 
United States The major involvements m tnchinosis 
are in the diaphragm and the intercostal muscles 
individual dead calcified larvae are too small (0 5 
mm) to be detected roenlgenographically 

fifiscelfoneous rnuseular calcifications -Occasion 
ally calctferous foci are visualized in the muscles 
when there is no known antecedent disease which 
could have caused them It is probable that neciodc 
myositis passes unrecogmzed m several illnesses 
which are charactenzed by pain and tenderness m 
ibe extremities Kean and Gmcott demonstrated 
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Fig 8 25 (tefl) —Massive calcification of the iliopsoas tendon mg was palpable but motion at the hip was only slightly limited 

and muscle of a boy 9 years of age who had recovered from teta (Courtesy of Dr Homan Marciniak Wroclaw Poland ) 

rus three years before The morb d anatomy and pathogenesis et Fig 8 26 (right) - Oss ficat on of the subcutaneous tissues of 
this lesion are not known but it is possible that the calcilicat on the left shank of an infant 6 months of age secondary to throm 

resulted from necrosis at this site secondary to tetanic contrat bophlebit $ of the left saphenous vein which had been catheter 

t ons and possibly hemorrhage There were no other known inju leo 30 days before this film was made The film was made the 

nes and surgery had not been done m this region A tender swell day the mother noticed swelling and tenderness et the left shank 


numerous toxoplasma [pseudocystsl in the muscles of 
the tongue, cheeks, chest, legs and back m a fatal 
case of infantile toxoplasmosis In the event of recov 
ery after toxoplasmosis the possibility of late calcar 
eous foci in the muscles should be kept m mind 
Chronic venous xnsuffieiency in the legs secondary 
to thrombophlebitis is said to be a common cause ot 
extensive subcutaneous ossification m adults In an 
infant 6 months of age we have seen extensive calri 
fication of the shank which was evident clmicallv and 
radiographically four weeks after inflammanon of the 
saphenous vein began The phlebitis was secondan 
to catheterization for intravenous fluid therapy So 
far as is known, calcium solutions were not injected 
(Fig 8-26) According to Lippman and Goldin, the os 
sification represents metaplasia of the tissues be 
tween the skin and the muscles They found no evi 
dence of fat necrosis 


Kean. B H , and Grocott R G Congenital toxoplasmosis 
JAMA 136 104 1948 ,, _ 

Lippman H S and Goldm R R Subcutaneous ossificaoOT 
of the legs in chronic venous insufBnency Radiwogy <4 
279 1960 


Calcifications in lymphoid tissues of ‘J’® 
tremides are rare m companson with the caicifica 
tions m lymph nodes which are present so frcguen y 
with tuberculosis in the neck, thorax and abdomen 
When, however, the pnmary tuberculous focus is m 
the skin the regional nodes in the extremities may 
become calcified Regional calcifying lymphademus 


regularly follows vaccination with BCG We have 
seen extensive calcifications m the axilla and groin of 
mfants who had disseminated hematogenous tuber 
culosis O Connor, Golden and Auchincloss visuahzed 
calcified Ftlarta bancroftt in subcutaneous lymph 
nodes and vessels It seems likely that lymphatic cal 
cificanons would develop m histoplasmosis and cocci 
dioidomycosis in the same fashion as in tuberculosis 
REFERENCE 
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Fig 8 27 -Ane/iosclerosis of the upper eutremity in an Infant 
5 monins of age with hyperparathyroid sm Similar calcification 
was present in ibe arteries of the lower extremities the neck and 
the heart (necropsy) 
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Fig 8 28 —Two round phlebol Ihs in var cos t es in tho foot of 
a g rl lOyears of age 


Vascular calcifications are relatively rare dur 
Ing early bfe We have seen calcification in the medi 
um sized arteries In one Infant who had hyperpara 
thyroidism (Fig 8 27) Similar calcifications have 
been observed In renal rickets and hypervftamlnosis 
D and in association with hydramnios However there 
are many other cases which are unexplained and 
hypercalcemia is not essential to this type of arterio- 
sclerosis which differs from adult aitenosclcrosis In 
that there is no intimal damage In the former Round 
ed phleboblhs are not uncommon m infantile and 
Juvenile varicosities (Fig 8 28) and may appear after 
radiation therapy Fine Intravascular calcifications 
accompany some hemangiomas (Fig 8 29) 


Fig 8 28 -Small ntravsseula eaeui In a hemangoma of th« 
hand and wrist of a boy 8 years of age Caieui we e also vis b e 
in the soft t ssues of the forearm 
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Calcifications in the neural tissues are bmated 
so far as we know to the multiple calcareous neuiofi 
bromatoses found in two infants by Holt at the Uni 
versify of Michigan (Fig 8-30) MuJlipIe lesions were 
also present In the long bones Neurofibromatosis was 
demonstrated by biopsy In both cases follow up 
examinations made several months later showed that 
both the calciferous tumors and the skeletal defects 
had disappeared More complete study of the biopsy 
specimens from these two cases later mdicated that 
these tumors in both bones and skm were made up 
almost exclusively of fibrous tissue and small blood 
vessels fibromatosis is preferable to neurofibroma 
tosis in their descnption Agneesens also reported the 
disappearance of multiple subcutaneous and ultra 
muscular neurofibromas by the 17tb month in an in 
fant who exhibited neurofibromas as early as the 7th 
week of life 

Para arocular calcifications have been observed in 
a large number of paraplegic adult patients in the 

Fig 8-30 -Mult pie fbomstoses wth nume ous small and 
large calcareous masses n the soft t ssues of the leg of an Infant 
5 months of age There a e a so ta ge bony delects n the lemo al 
andtbalshans (Courtesy of Dr J F Hot) 




bojt 1 issues 



Fig 8-31 —Calc urn glucanale under the sheath and out n ns 
the sciat c nerve of an infant 7 weeks of age from another tto^P 
tal who had had calcium gluconate njected Into both buttocks 
in intramuscular treatment of tetany of the newborn on the ^nd 
daij ot l (e M the week, eh ot ttva c?A<,^\iTO § ucoewe t\al d s 
appeared and there were no cl n cal res dua s 

lower cxtreinibes These calcifications are probah'y 
secondary to inflammatory necrosis of the soft tissues 
rather than to a specific trophic effect of the paraple- 
gia. In children para articular calcifications have 
been demonstrated in assocation ivith severe paraly 
SIS due to poliomyebtis and measles encephaJomye- 
bhs Adult diabetics may show calcific foci in the soft 
tissues which also appear to result from inflammato- 
ry necrosis and the deposiQon of Ume dunng healing 
diabetic children apparently do not suffer this comph 
canon. 

Para amctilar calciflcauons are common m rhau 
matoid arthritis after treatment with large doses of 
vitamin D 

Opaque agents such as calcium gluconate which 
are uyected into the gluteal muscles m therapy 
occasionally injected into the sciatic nerve as well 
The calcium in the nerve casts an opaque tubular 
shadow (Fig 8 31) in the position of the sciatic nefvc 
and may extend over a distance of 8- 10 cm In one of 
Our patients such intraneural injection caused no 
immediate or late disability and the calcium gradual 
ly and completely disappeared over a penod of about 
three months 
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Calcification of articular and periarticular 
TISSUES with the formation of large tumors near the 
jomts has been observed in a number of young Indi 
viduals and sometimes in siblings The tumors are 


cystic and often filled wth a milky fluid Surgical 
removal cures the disorder 
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Foreign Bodies 

Opaque foreign bodies of sufficient size can be 
readily detected Needles or portions of needles are by 
far the most common Fragments of lead containing 
glass are also clearly visible In the more radiolucent 
density of the skin and muscles (Fig 8 32) Opaque 
preparations made from mercury bismuth and cal 
cium and injected subcutaneously or intramuscularly 
(Figs 8 33 and 8 34) may remain visible for years 
after their introduction Intramuscular injections of 
all calcium preparations should be avoided because 
c^crom solutions may precipitate in the tissues and 
cause extensive necrosis and ulceration Small 
opaque foreign bodies may be invisible in the stan 
dard heavily penetrated films made for the demon 
stration of bone detail and become visible only in spe- 
aaJ soft tissue exposures made with lower voltage 
(Fig 8 35) 

Most nonopaque foreign bodies are Invisible In the 
deep soft tissues because they have the same water 
density of these surrounding soft tissues i^ooden 
lead pencils however contain enough gas in the 


Ftg 8 32 -Large broken spi nlerol leaded opaque glass In the 
forearm o( a g rl 7 years of age 





864 / SECTION 8 The Extremities 



FIfl 8-33 -Calcium gluconale In ifie buttocks ol an infant 43 
days ot aga 


soft wood to make them more radiolucent than 
surrounding tissues and their graphite cores (Ft® 
8-36) 

Metallic foreign bodies In soft tissues may remain at 
the original site of Introduction or they may move 
long distances with little or no diaahility to the pa 
tlent Such was the case in one of our patients a gtrl 
4 who had a Steinmann fixation pin inserted in the 
treatment of congenita] dislocation of the lUp (Fig e- 
37) The pm was Inserted Into the medullary cavity of 
the left femur at 4 months of age and then had ii\i 

Rg e 34 -OpsQue calcium gluconate In ihesofi tssuesstiKe 
elbow following leakage at in s a le Curing ntravenous in eel on 
In the treatment ol an infant 21 days of age 




grated to the nght side of the abdomen at 7 months 
to the nght side of the pelvis and hip at 8 months and 
to the nght tup and thigh at 8'/i months This nugra 
tion occurred without pain or disability of any kind. It 
was removed without difficulry Migration of foreign 
bodies which are sharp and slender as is the Stem 
mann pm is more common and extensive than with 
blunt broader foreign bodies In our case it is bkely 
that the regional resorption of bone permitted the pm 
to start moving and it was then dnven on by both 
gravitational forces and local muscular forces Usu 
ally there are remarkably few clinical signs of migia 
non but in some cases migration into cncical sCruc 
tures such as large arteries and vems has resulted 
m death For this reason sharp migrating bodies 
should be removed as soon as their movement is de- 
tected 

Superimposed shadows from the overlying soft tis- 
sues and soft shadows of foreign bodies in the soft 
tissues must be taken into account m every film made 
of any part of the body as shown m Figures 8 31 to 8- 
36 TTiey frequently simulate fractures of the bones 
(Figs 8 38 to 8-41) 

FoUomng subcutaneous jiyernons of msulin fat 
necrosis is a possible complication Repeated Injcc 
Hons of antibiotics at a smgle site have caused local 
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s) ne wcca ot the penc I wh ch conta ns considerab e gas (at 
r[j*v« n-< an nte med ate strp of a greater than water dens ly 
* *0 esenls the co e of graph te (Courtesy ot Dr R chard 

3 Laae C ty Utah ) 


Fig a 37 -M grai on of a Ste nmann p n from ne me d o the reg on of the r ght hip and th gh at B /i 

cavty or the left femur at age 4 months (A) to the c 0 was removed The pat ent was always asymp- 

the abdomen at 7 months (8) to the r ght s de ot the 



Fig 6 38 -Pseudolransverse fracture of (he t b at shaft due (O 3/i years of age had been treated for clubfoot and tis leg had 

a circular groove in the overiy ng skin caused by an enc ref ng been In a plaster cast for three months When the cast was re- 

and eonstret ng rubber band The rad olucent transverse sir pot moved the rubber band n the cutaneous sr filed sulcus was 

d m n shed dens ty wh eh a mulates a fractura is cast by the a r found A. ante oposienor and B late al project ons 

In the cutaneous depress on under the rubber bar>d Th s boy 


Fig 8 38 -Fatty strips of d min shed dens ty super mposed on st onol the tong tud naifany stnp s complete in the left femur 

the femerat shaft simulate long tud na) fracture ( nes The pat eni it ts ncompiett 

was a heathy bey 12yaan of age in the nght femur superlmpo- 
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Rg 8-40 -Glass foreign body in the foot wnieh simulates a 
fracture fragment of bone or a bony bridge between tne susten- 
taculum of the caleaneua in lateral projection (A) or (lie scaphoid 
In (B) latent obligue projection fbis boy f2 years of age fiao a 
painful swelling anterior to the internal malleotus The opaque 
glass fore gn body was removed at exploratory surgery 


Pig 8-41 -A small layer of radiolucent mtra articular gas $u 
penmposed on the floor of the lateral articular facet of the tibia 
which simulates a transverse fracture line in an asymptomatic 
boy t4 years of age The Intra articular gas accumulated because 
the knee joint was suddenty stretched dunng positioning of the 
patient and represents an antivacuum effect 




Ftg M2 - Large local delect m the lateral head of tha tneeps 
muscle in the left arm of a girl 8 years of aga Tha muscular da< 
feet IS filled with a local overgrowth of subcutaneous fat Antibl 
ones had been injected et this single site many t mas 

necrosis of muscle (Fig 8-42) The mineral oil which 
was injected mtramusculaily as a carrier in camphor 
ated oil caused thousands of intramuscular and sub- 
cutaneous foreign body fibromas during and after the 
pandemic of influenza dunng 1917 and 1918 
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Interstitial Emphysema 
Gas in the soft tissues casts a shadow of diminished 
density Air may be introduced through a wound or 
gas may be generated in the part by gas-producing 
bacteria. Small amounts of air are commonly intro- 
duced during hypodermoclysis Air which enters the 
soft tissue spaces of the neck and mediastinum 
through perforations in the trachea and esophagus 
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Fig 8 43 -A Initrst t al •mphyssmaof armand 
fo earns secondary to pneumomed ast num and 
Interst I al emphysema el the neck shoulder end upper 
8 rn of an asthmat e boy 4 years of age Th s 
emphysema developed dur ng a save e attack of 
asthma 6 local Inte stt al emphysema nthefascal 
planes ol me lorea m due to local Isesfatlon of me sk n 
The rad olueent gas Images are conf ned to (he 
superf elal layers of the soft t ssues 




may extend into and be diffusely dlsmbuted through 
the fascial spaces of the arm and hand (Fig 6-43) 
After traumatic laceration the presence of gas in 
the neighboring soft tissues always raises the ques 
tion of gas gangrene Filler and associates pointed out 
that widely spread gas in the soft tissues with widely 
spread subcutaneous crepitation developed Jn their 
patients without any evidence of infection cbnlcally 
or bactenologically when extensive debridement and 
amputation were not done They suggested that (he 
gas which enters the soft tissues from local lacera 
tions is in the mam subcutaneous in contrast to the 
gas generated in clostndial infection which lies deep 
within the muscular masses with considerable ede- 
ma of the skin and supeihclal soft tissues 
Regional subcutaneous and prevertebral emphyse 
ma may follow traumatic dental procedures and trau 
matic injection of air after lumbar puncture 
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Muscular Dystrophies 
The Size shape and density of the muscular masses 
are modified in both the pnmary and the secondary 
myopathies When there are congenital absences of 
muscles or groups of muscles there are corresponding 
defects io the shadows xif the mufrJej! JujO-TOjutcirwia 
coagemta (artkrogrgposts congentta or congenital 
anterior poltomyelosis) the fetal muscle fails to 
grow adequately with resultant contracture defomu 
tics at the major and sometunes minor joints Current 
hypotheses favor either defective formation or degen 
eration of the anterior horn cells m the spinal cord as 
the probable cause The microscopic finduigs in the 
muscles and spinal cord are not pathognomonic of 
this disease Although agenesis and hypertrophy of 
muscle fibers are consisiently present some normal 
muscle fibers are also present In the spmal cord the 
antenor horn cells may be reduced m both size and 
number The articular capsules may be thickened and 
the articular tissues fibrous The articular cartilages 
are usually normat The climcaj findings m arthrogry 
posis mclude classic contractures and deformities at 
the joints and muscular deficiencies The humen at 
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Fig B-44 -Extrsme muscular def c ency n amyoplas a eon 
gen ta (arthrogrypos s eongan ta) in an infant 3 months o' age A 
roentgenogram B draw ng of A The muscu ar masses a e so 


the shoulder are usually adducted and incemally ro- 
tated The bones of the knees may be fixed in flexion 
or extension the wrists in flexion and ulnar devia 
tion and the Angers in flexion with convergence The 
femurs at the hips are flexed externally rotated and 
abducted At all affected joints movements are limit 
ed. Owing to the muscular deficiencies the extiemi 
ties are small m caliber although there is considera 
ble hypertrophy of fat which is compensatory Radi 
ographic examination discloses the deformities at the 
jomts and muscular deficiencies and the compensato- 
ry hypertrophy of fat (Figs 8-44 and 8-45) The bones 
are small m cahber and flare at the ends due to the 
central overconstnction of nonuse and disuse The 
patellas may be rudimentary or absent Hypcrexten 
Sion at the hip in utero was found radiographically in 
one case of amyoplasia by Epstem 
In a review of 41 cases Poznanski and La Rowe 
found that breech debveries occurred m one half of 
their patients Occasionally the disease is familial 
They mentioned a similar neuromuscular disease In 
chickens and calves In their 41 pauents both upper 
and lower extremities were affected in 20 lower ex 
tremities only m 17 and upper extrermues only m 4 
The feet were clubbed m two-thirds of the patients 
Other more common deformiues were flexion con 
tractures of the hand (22/33) dislocation at the hips 


atrophc mat they a'» dent fed wth df'culty Compare the 
airoph c muscu ar masses in Ih s pat ant w th the normal muscu 
la OundesmF gure &-1 


(17 37) flexion contractures at the knees (13/25) sco- 
liosis (14/35) The most common deformity in the 
skull was hypoplasia of the mandible (4/17) Contrac- 
tures were present at bmh The muscular masses are 

Fig 8 45 >Webb r'g ot the knee and absence of the patellar 
OSS ' cat on center in a boy 5 years ot age who suffered from a 
p mary myopathy probably amyoplas a congen ta (anhrogry 
pos s congen ta} The t b al oss f cat on center is deformed 
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diminished «iih regional compensatory Increase In 
the subcutaneous and the Intramuscular fat Mental 
development was normal In most of the 41 patients 
Tlic clinical manifestations rather than the radl 
ORtnphlc and microscopic should determine the dtae 
nos is 
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In the infantile muscular atrophies such as 
congenital amyotonia (Oppenheim s disease) and the 
\lcrdnlg llofimann type of primary myopathy the 
smallness of the rnuscular bundles and their fnfUtra 
tion by fat os iv ell as the reciprocal hypertrophy of the 


Fig B <8 -Pr mary muscular alfophy A smyoion a congenita 
(Oppsnhe m g d ssase) Ift a boy 3 years of ago Ths muscular 
bund es a a small and broken up by shadows of fat dens ty tfia 
subcutaneous tst Is everabundarit B tiM iMio muscular atr^ 
(Werdng HollmannlinaboyJ lyearsoiage The muscular buo 


sulxrutaneous fat can all be beautifully demonstrated 
ta Alms (Fig 6-46) The consistent reciprocal or com 
pensatory hypertrophy of the fatty tissues m the pres 
ence of muscular atrophy makes clinical estimation of 
the size of the muscular bundles by external measure 
ment of the part not only inaccurate but highly rms 
leading. Roentgen exammatloti is much more exact 
in the estimate of muscular mass and the changes in 
muscular volume following injury or treatment Dur 
ing the late stages of muscular atrophy the fatty con 
tent of the muscular masses may be greater than the 
vohitne of the residual muscular (issues themselves 
(Fig 8-47) 

Pseudohypertrophic muscular dystrophy Is chaiac 
tenzed in Us early stages by simple enlargement of 
(he muscular masses but later large amounts of fat 
appear in the fascial spaces and in the muscles (Fig 
8-48) Kaufmann found thickening of the fibulai 
shaft ventrodorsally relative to the ventrodorsal diam 
eier of the companion nbia this sign has not been 


d w SIS sbrunken but show no foentgen evidence of fatty inf tra 
t on or fatty degenerst on The e Is great hypert ophy of the sub 
cutaneous fatly layer whehlssevea tmes isrorma Ih eknesa 
the tubular shadows In the th ekened fat are eest by blood ves 
eels 
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Fig e-47 (left) •Severe Infant le muscular atrophy (Werdnig 
Hoffmann] in a boy 6 years of age Practically all of the shrunken 
muscular mass has been replaced by fat so that the atrophic 
muscles are barely visible m the fat The subcutarteous fat Is 
greatly increased and It is obvious that external measuremerttsof 
the circumference of the leg would give a misleading idea of the 
amount of muscular tissue actually present owing to the com 
pensatory thickening of the fat 


Fig 8 48 (right) -Pseudohypertrophic muscular dystrophy K 
at a relatively early phase of the disease when the enlarged i^us 
cular mass is made up of hypertrophic muscle and f broua t **ua 
in a boy 6 years of age B, at a relatively late stage when the en 
larged muscular mass is beginning to shew fatty degenefatien 
andmliltrai on in another patent 10 years of age 
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Ft 9 -PojTeoiionjui t c taity fepU<«<n«M sntf rMoiu 
Ctnt ttnping of th« gasiroencmius solaua grPup of tr>« nght im 
of ■ girl eV) yaara o' ag« who had had acuta poHomyai H sx 
years before The bones and museiee In (he nghi ahanh are hypo- 
plastic and airoph e A. potiomyai lie museiae in the right ahanh 
8, normal museias In the left lag 


present In many of our patients Kaufmann’s patients 
all had the pseudohypertrophic form of progressive 
muscular dystrophy 

In the acguJrrd muscular atrophies she injured 
muscles show the same shrinkage and fatty infUtra 
tlon and perhaps fatty degeneration which have been 
shown In the primary myopathies fn posipofiomyef 
lllc paralyses the muscular atrophy and fatty changes 
•re probably best demonstrated by the roentgen meth 
od (fig. M9) The atrophy of disuse In the muscles 
wcondary to the "cast treatment of fractures and 
ww^ythtls is also easily recognizable in roent 
CFl? 6-50). 



Fig I M -Aequ led museulaf atrophy and thtry ml trationfol 
low ng application of a east in traatment of osieomyal tis A, 
noffnst len igg B nght leg whien had been In i cast and eltows 
the accumulation ot fat between and possibly in the fibers of the 
soieus and gastrocnem us 
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The Bones 


Normat Structure 

In the extremities there are thice kinds of bones 
the elongated tuhular bones the round bones in the 
wnsts and ankles and the sesamoids the small bones 
in the tendons and articular capsules Funcnonally a 
grovmig tubular bone is made up of three segments 
the diaphysis the paired metaphyses and paired epi 
physes at each end of the diaphysis (Figs 8 51 to 8 
53) Apophyses and secondary cartilaginous masses 
which grow out obliquely from the mam axis of the 
diaphysis contnbute nothing to the longitudmal 
growth of the shaft The apophyses ossify and fuse 
with the shaft in the same way and about the same 
time as the epiphyses fuse with it at maturity 
The bones are composed chemically of a matrix of 
collagen and collagenous fibers m which apatite crys- 

Fig 8 51 -Schematic reof«**ntation of the lamellar arrange- 
ment m the cone* of a tuQuiar tone The concentric lamellae of 
the Haversian systems are indicated as well as the communicat 
ing Haversian canals (He) The external edge of the cortex «$ 
made up of the peripheral lamellae (F/l Inihed agramtheHavei 
sian system is d sproponionately enlarged (From Clark ) 



tals are deposited The skeletal tissues are exceeding 
ly strong and highly resistant to all kinds of mechnnl 
cal stresses and at the same time are active metabol 
fcally especially during the growing period Bones are 
suppbed by an abundant complex of artenes v^ins 
and nerves in the cortical walls and in the medullary 
cavities and also m the epiphyses and metaphyses 
The skeleton serves as a semingid frame on which 
the soft tissues are supported and the individual 
bones provide muluple levers for the insertion of hga 
ments and tendons The relatively ngid walls of the 
cranium and thoracic cage act as protective shields 
for the brain and mtrathoracic organs Skeletal ^al 
cium IS a reservoir from which calcium may be 
drawn to sausfy tbe fiuctualing calcium needs of 
other tissues The medullary cavities of the bones ore 
the sole postnatal sites for the formation of blood The 
usual sites for the foramens of the nutrient arterlee to 
the shafts are shown in Figure 8-54 
The diaphysis of the shaft (the part which grows 
through) is the elongated Intermediate segment be- 
tween the metaphyses which it separates The dia 
physls elongates at each of Its ends from growth of 
the epiphyseal cartilages away from each other Dur 
mg growth a long bone is a tube closed at each end 
by the transverse cartilage plate Its central cavity or 
meduUary canal is filled with red and fatty marrow 
and with cancellous bone in its terminal segments 
Its cortical walls are made up of peripheral layers and 
longitudinally directed Haversian osteones In the 
ends of the marrow cavities there is a lattice of vary 
ing degrees of tightness made up of spongy bone the 
tenmnal spongiosa. The spaces between the branches 
of the lattice communicate directly with one another 
and with the central main space of the medullary 
cavity The peripheral or marrow spongiosa is a thin 
sheet of spongy bone between the Inner edge of the 
cortex and the outer edge of the marrow which t-x 
tends the length of the marrow cavity 
The periosteum covers the external edge of the 
cortical wall It is made up of an outer layer of dense- 
ly packed collagenous fibers arranged parallel to the 
cortical edge with similarly arranged fibroblasts The 
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Inner periostea] layer during ^wth consists of sev 
era] sheets of cste^lests In a much looser connective 
tissue whose fibers are directed perpendicular to the 
cortical surface This inner enveJope-the osteoitenet 
Ic layer-deposits progressively new layen of subper 
iosteal bone on the outer edge of the cortex Tliis 
weaker layer of the periosteum Is usually the site of 
traumatic separation and subperiosteal hemorriiage 
Tire foogA outer iTdrovrs enveibpe ai^o fimiYs tfte mi' 
gradon of osteoblasts externally and prevents them 
from extruding Into the condguous dssues The per 
losteum binds itself to the underlying cortex by ibe 
centrally directed fibers of Sharpey these are less 
numerous and shorter in children than in adults and 
thus much less effeedve as binders of the periosteum 
to the cortex 

The epiphyses (the segments which grow upon) are 
cardlaginous caps which lie beyond the metaphyses 
at both ends of the bone Secondary ossification cen 
ters develop in all of them except some of the epiph 
yses of the phalanges metatarsals and metaeax 
pals 

The cartilage plate js a transverse disk of cartilage 
whose function Is ep physeal on its Juxta artlculap 
side and metaphyseal on us shaftward side These 
two different transverse segments of the cartilage 
plate are sharply different both structurally and func 
tionally (Figs 8-55 to 8 57) The several transverse 
subdivisions of the epiphyseal metaphyseal plate are 


not sharply limited but they are useful in the under 
standing of bone and cartilage growth and in the clas- 
sification of several intrinsic acquired and inherent 
lesions which are dependent on growth The cartilage 
plate is active metabohcally and is nchly supplied 
with blood Longitudinal growth is exclusively epl 
physeal in ongio Rubin classifies the epiphyseal 
segment of the cartilage plate as the physis. 

iTie mefaphysis Ofie segment of efianged growth) 
contnbutes nothing to longitudinal growth but is re- 
sponsible for removal of cartilage its reconstruction 
and the formation of the primary spongiosa and the 
medullary cavity— the layering of endosteal bone on 
the cartilage cores of the res dual lattice 
The blood supply of a growing bone consists of sev 
eial circulatory subsystems (Brookes) Many macro- 
scopic and microscopic arteries perforate the cortex 
and then continue on through their branches into the 
loaiTOW' and Info the trabeculae of spongy bone The 
compacta of the cortical walls is nddled with blood 
vessels which differ functionally from the more su 
peificial vessels of the penosteal vascular bed The 
medullary supply begins as the pnncipal nutnent 
artery which perforates the shaft at the foramen for 
the nutnent artery and then divides into pronmal and 
distal branches which supply through their progres- 
sively subdividing branches the marrow and the 
metaphyses Near both ends of the diaphysis peifor 
nrtTig arteries pierce the thin cortical shell at this lev 
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el and supply marrow and the peripheral metaphyseal 
terminal segment The metaphyseal artenes termi 
nate in straight branches which penetrate the necrotic 
cartilagmous columns The epiphyses are supplied by 
their own arteries which branch from local artenes 
near the joints and enter the cartilage through the 
foramina nutncia. They then subdivide and these 
smaU branches supply the longitudinally prohferatiog 
cartilage cells in the cartilage plate, the epiphyseal 
ossification center and the aracular cartilage The 
penchondnal vessels are superficial and never pene- 
trate deeply mto the cartilage plate They supply the 
osteoblasts in the penchondnal rmg which are re- 


sponsible for the labtudmal growth of the epiphfseal 
cartilage this latitudinal growth is apposition^' hi 
contrast to the interstitial longitudmd epiphyseal 
growth in the cartilage plate 
The blood vessels and the blood supply are of Pri 
mary Importance In the normal growth of bone ari^ hi 
all of the lesions both congenital and acquired, which 
develop dunng growth Normal osteogenesis is depend 
ent on the blood itself for all of the essential mefaho- 
Iites— proteins, fats, sugars, salts vitamins and eD^lo- 
Cline solutes Normal osteogenesis is also dirtily 
dependent on the presence of an adequate number of 
osteoblasts which are probably denved in large part 


Fig 8-53 —The macroscopic components of a normal lutMilar age eoe epiphyseal ossificat on center pzc provisional zone 
bone and their roentgeno counterparts A roentgenogram and of calcification and cartilage plate 
the longitudinal section of the right tibia of a child 2 years of 
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Fig 8 S7 -Microscopic elamenta of th« epiphysis cod meia 
physic In the cartilage plate The epiphysia eilends shattward to 
the level ol the hypertrophic vacuolated columnar eartifage ceils 
The metaphysis eatends Iroin the above level shaitward through 
the level where the black cartilage ceres In me spongipsa hang 


Bony sponq o: 


as stalactites from the roof of the medullary cavity and terminate 
and endochondral bone is complete (Mod tied from Ingalls but 
the definition of the boundanes of the epiphysis and metaphysis 
ere my ©wn not Ingeils s -J C ) 


from endothelium cells of the mamw capillaries and 
llnuaes (Trueta, 19C8) It 1$ likely that all of tbeinher* 
ent dysplasias of the skeleton are caused, either pri 
morlly or secondarily, by dedclencfes (hypoplasias) 
and excesses (hyperplasias) of blood supply and endo- 
thelium derived osteoblasts 
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Roentgenogrsphle Appearance 

The cala£ed pomons of a growing bone cast 
opaque shadows of calaum density, the noncalcified 
components cast shadows of a lesser water density 
(Figs 6-SS and 8 58, and see Fig 8>S3} The heavily 
imnerahted compact cortex casts the heaviest shad 
ow, a long fusiform smp of increased density which 
tapers off toward the end of the shaft on each side of 
the medullary cavity The central spongtosa at the 


Fig 3-58 —Large nutrient canal in the ulna of a normal infant 
10 days ol age piojected in profile tracing of a roentgenogram 
The proportionately thick cortex and narrow madullary canal are 
charactensticol the physiologic sclerosis of the newborn 




Fig 8 59 -Double canals through the medial cortical wall d 
the femur for the nutrient arteries of a normal newly born infant 

ends of the shaft is recorded in the film as a dgbtly 
meshed network of linear shadows which is always 
partially obscured by the heavier supenctiposed shad 
ows of two layers of cortex. The peripheral spongiosa 
fuses with the central spongiosa at the ends of the 
bones, on the borders of the medullary canal the pe- 
npheral spongiosa may give nse to a roughening of 
the mtemal surface of the cortex or may be invisible 
The nutrient canals appear as defects in the com 
cabs (Fig 8 58, and see Fig 8-53) When a nuinenc 
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canal Is projected In profile, its oblique channel 
through the cortex can be clearly demonstrated (Fig 
8-59) In other projections the nutrient canals are 
partially or completely obscured by the heavy shadow 
of the cortex surrounding them. TTie calcified cartila- 
ginous disk interposed between the shaft and the epi 
physeal ossification center, the provisional zone of 
calcificadon, casts a transverse band of increased 
density across the end of the shaft The ossification 
centers appear as rounded or ovoid shadows of 
opaque bone density in the lighter water density of 
the surrounding uncalcified cartilage, their margins 
are denser than the reticular central portions 
The uncalcified portions of a growmg bone cast 
shadows of water density similar to that of the sur- 
Toundmg soft tissues The shadows o{ the peripheral 
uncalcified portions of the epiphyseal cartilage fuse 
iviih those of the soft tissues The strip of uncalcified 
cartilage interposed between the epiphyseal ossifica- 
tion center and the end of the shaft, sometimes called 
the epiphyseal plate, appears as an intermediate strip 
of water density The pe noste um, bon e marrow and 
intraosse ous vessels are i nvisi ble ro enteenograph- 
ii^y ~Fatty marrow has a diminished density In 
comparison with red marrow, this difference Is not 
detectable in the standard films made with the tech- 
nicaJ factors used at the present time 

Growth and Malursilori 
PfllMARV OsSinCATION CENTERS 

Near the end of the second month of fetal life, the 
embryonal cartilaginous skeleton has already been 


ng 8-60 -Time schedule for the appeaiance ai the primary os»liC8t«w centers in the shatts of the long 
tones ar-d n the Wrsai bones during fetal hfe 


U3(c«n4sry ctnitr 6 lOth ftUI mo 
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subdivided into its principal segments which are the 
forerunners of the bones of the extremities AD of the 
primary ossification centers for the tubular bones 
appear durmg fetal life (Fig 8 60) A primary ossifi 
cation center is formed by the deposition of a trans- 
verse disk of lime m the cartilagmous matrix at ap- 
proximately the center of the embryonal shaft foUoW- 
ing the hypertrophy and vacuohzation of the local 
cartilage ceUs (Fig 8 61) The center of this segment 
IS almost immediately absorbed and becomes the 
primary marrow cavity or medullary canal This 
absorption is associated with the ingrowth of peno$ 
teal arteries The calcified cartilaginous disks on the 
proximal and distal sides of the pnmary cavity be- 
come the preparatory zones of calcification which fol 
low the advancing proliferatmg cartilage toward the 
proximal and distal ends of the shaft during gronth 
The cortical defect resulting from the penosteal in 
growth persists as the nutnent canal. Concurrently 
wth these changes within the cartilage a compact 
cylmder of peripheral bone, the cortex is bemg laid 
down under the penosteum which surrounds the pn 
mary ossification center 

Ray and coUeagues showed that in rats which had 
had early excision of the pituitary and thyroid glands 
the injection of thyroxin caused marked stimulation 
of maturation and only moderate mcrease in growth 
In contrast, the injection of pituitary growth hormon® 
caused marked increase in imensional growth of the 
bones but no increase m maturation The combined 
administration of thyroxin and pituitary growth bor 
mone restored the balance between growth and mat 
urabon 
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Growth in Length 

The elongabon and ossification of a tubular bone 
are the result of the synchronous continuing action of 
several mdependent but co-operabve phenomena 
which consbtute endochondral bone formation (see 
Figs 8 55 to 8 57) The cells withm the prohferaute 
cartilage mulbply conbnuaUy and are given off away 
from the cartilage toward the shaft. The addibon of 
these constantly accumulating new ceUs hfts the can 
tilage away from the shaft and mcreases its length 
At the same time and advancing with the prolifera 
bon, the oldest of the proliferatmg cartilage cells de- 
generate and bme is deposited in their matrix to fonfl 
a thin, ngid, transverse disk— the preparatory zone of 
calcification ComcidentaUy with the deposition of 
calcium in tWs preparatory zone, the shaftward b<^ 
der of this calcified plate is being cononuaUy eroded 
and reamed out into a honeycomb of cartilaginous 


trabeculae separated by the marrow spaces This 
honeycomb or latbce serves as a temporary scaffold 
on which a shell of endosteal bone is deposited by os- 
teoblasts As growth proceeds, the branchmg endos- 
teal shell enveloping the cartilaginous scaffold gradu 
ally becomes thicker and the cartilagmous core inside 
the bony shell becomes smaller until the central core 
of cartilage ulbmately disappears, leaving a lattice of 
solid endosteal bone, the spongiosa (see Fig 8 57) 
The central mtermediate portions of the spongiosa 
are later resorbed to form the medullary canal 
The thickness of the cortex and the shaft increases 
as the result of the deposlbon of compact bone on the 
external surface of the cortex by the overlying os- 
leogemc layer of the penosteum Channels are formed 
in the cortex by osteoclasbc resorption, and these 
become the Haversian and the Volkmann canals 
through which the meduUary blood vessels pass The 
width of the meduUary cavity increases concurrently 
with increase in the caliber of the shaft owing to the 
simultaneous continumg absorption of the innermost 
corbcal layers In this way the cabber of the shaft, 
the thickness of the cortex and the size of the medul 
lary cavity are maintamed in proper balance during 
the penod of growth. 


Secondary Ossification Centers 

The epiphyses are ossified and enlarged by essen 
uaUy the same process of endochondral bone forma 
tion as that described for the lengthening of the 
shafts except that it is three dimensional The second 
aiy centers usually appear after birth, except those in 
the distal epiphyses of the femurs and less frequent 
ly those In the proximal epiphyses of the tibias With 
increasing age the bony penetration advances into 
the cartilage in aU directions from the initial focus, it 
IS almost an invariable rule that velocity of penetra 
non IS greater on the articular border of the ossifica 
tion center than on its diaphyseal border Penetration 
continues until the edges of the cartilage arc reached 
Hie disk of cartilage interposed between the shaft 
and the ossifying epiphyseal center, the cartilage 
plate diminishes progressively in thickness until it 
disappears completely at the completion of growth, 
when the epiphysis and the diaphysis fuse into a 
mature bone On the articular surfaces of the epl 
physes, however, stnps of cartilage persist into adult 
hfe as the articular cartilages The time schedule for 
the appearance of the secondary centers Is shown in 
Figures 8-62 and 6 63 Multiple ossification centers 
normoUy develop in both epiphyses of the humerus 
and the proximal epiphyses of the femur (head and 
two trochanters) 

Normal ossification of the epiphyseal ossification 
center is often not an even, uniform process especial 
ly durmg its early phase and during periods of rapid 
growth and ossification Instead of a single center, 
several fine bony foci may appear first, and these fuse 
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Fig S-64 -Growth and configuration of the tibia w th a<tvanc 
Ing ag« The progressive concentric constr ction of the snaft 
away from the wider epiphyseal plate is shown schematica ly m 
superimposed tracings of roentgenograms 


later into a single large bony center which may re 
main uneven in density and irregular on the margins 
for many months before it becomes uniform m densi 
ty and smooth on the edges During such stages of 
normal irregulanties the diagnosis of osteochondro- 
sis or epiphysitis should not be made because (be epi 
physeal ossification center is irregular in density or 
rough on the edges 


Fig a-65 —A, normal model ng of a long bone W ih progres 
sive growth there is progress ve constriction of the shall snaft 
ward from the terminal flares of the shaft at both ends B fa lu e 
of modeling The ends of the shafts are swollen and dob Ke 
owing to fa lure of progressive constrict on (From Drey I 



Constriction (Modeling) 
During the penod of grow th m addition to the con 
stant increase m length and breadth the shaft Is be- 
ing contmually molded or reshaped to produce its 
final form The mechamsm responsible for these 
changes in shape has been called modehng or tubula 
non One of the most conspicuous features of model 
ing m many tubular bones is the progressive concen 
me contraction of the shaft behind the wider advanc 
mg terminal segment (Fig 8-64) Modehng is respon 
«ible for the flaring of the ends of many of the tubular 
bones Significant errors in configuration of the shafts 
develop m most of the diseases affecting the growing 
skeleton (Fig 8-65) 
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Velocity of Growth and 
Development 

Methods of appraisal -The velocity of the long! 
tudinal growth of tubular bones can be most accu 
rately measured in serial roentgenograms Maresh 
determined the length of the tubular bones in healthy 
subjects from age 1 year to 12 years (Table 6-1) She 
found that girls bones elongate more rapidly than 
those of boys The reader should consult the tables of 
Maiesh published in 1955 for more comprehensive 
and detailed statistical treatment of normal growth in 
length of the tubular bones Stuart Hill and Shaw 
reported that the Ubial shaft tends to be shghtly long 
er in girls after the 2nd year, the head of the tibia. In 
contrast Is consistently wider among boys it is well 
esiabhshed that the quantities of longitudinal growth 
derived from each of the two ends of a tubular bone 
are unequaL For example in the arm the ends of the 
humerus radius and ulna near the elbow grow less 
than their counterparts near the shoulder and the 
wnst In the leg the ends of the femur, tibia and fibu 
la near the knee grow more than their counterparts 
near the hip and ankle Digby and others found that 
in the femur approximately 70^ of the total growth 
occurs at its distal end and in the tibia 55*^ of total 
growth occurs at its proximal end 
Green and Anderson published tables for the aver 
age growth of the femur and tibia in boys and giris 


886 / SECTION 8 The Extremities 


Humerus 

Radius 

Ulna 

Femur 

Tibia 

Fibula 


TABLE S-1 -AvriucB Valius fob Length of Shaft ik Centimeters 


106 130 146 

7 9 9 7 111 

90 109 124 

135 171 196 

109 140 163 

105 136 162 


165 179 193 

123 131 144 

137 149 159 

22 4 24 8 271 

164 203 221 

162 201 219 


20 7 220 23 3 
153 1S3 175 
166 17 6 187 

29 3 31 5 33 4 

23 9 25 8 27 5 

23 7 25 4 271 


10 
245 
161 
19 6 
35 2 
292 
287 


u 


30 9 
00 2 


27 0 
199 
217 
383 


316 


older than 5 years whjch they used In estimating the 
quanUty of siowth vrMch would be lost after nirgical 
arrest of longitudinal growth In the unaffected leg 
done for the purpose of equalizing the lengths of the 
two legs one of which was shortened owing to po- 
Uomyelltlc paralysis 

The radial and ulnar shafts of lOO white boys and 
100 white gills were measured hy Ghantus at 3 9 12 
18 and 24 months The average length and the range 
for each age was tabulated These tables are valuable 
for esUtnaUon of the degree of acceleration or retar 
datlon in growth of these bones at any age prior lo the 
2Sth month Ghantus found that the average lengths 
of the two bones in boys were consistently greater 
than In girls of the same age During the I st year the 
rate of growth of the shafts of both bones was greater 
In boys the converse was true during the 2nd year 
The studies of Wilson and associates Indicate that 
newborns who have suffered fetal growth retardation 
grow at normal velocity dunng the first four to 
weeks after birth If a supenmposed Illness does not 

^”\v7lack adequate data for the rates of growth and 
the relauve sizes dunng different age 

giowlh There are »« saOsfaOTCy .tatidarj. far 
dianges In configuration In prepomonaie ‘l«cta>“» 

,0 lire W area « tW rectacaipai bone, during Infan 
" ret" marifrd looah, b, thr use of 

of metallic and to the part (Pease) 

art been s.nularly implanted a™ 
cSttwlren of grereth m many ra.e. 
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VeaoCity Dr DssiTiCATJOTt —Ths progressive stag** 
of ossificaton durmg advaneiag age are shown sche* 
matlcailyin FiguraS-ej Numerous roentgeaograpbic 
methods have been proposedfw assessing the skeletal 
age according to »he lime of appearance the «ze and 
the differentiation of the ossification centers The 
charts and djagrams of Seemmon of Hodge* and of 
Camp and Cilley depict the time schedule of skele- 
tal maturaoon from fetal until adulthf* Skeletal age 
IS only one measure of the maturanonal level ef an 
Individual in ihe final over aU clinical esamate of 
maturation the skeletal age must be correlated with 
several other findings including the mental develop- 
ment motor performance nutritional status race 
height and weight 

The reason that healthy skeletons vary so greatly is 
the wide diversity genetically of the healthy child 
populauon in the Dmwd States and especUUy m 
New York City The healthy child populauon is made 
up of heterogeneous individuals who differ widely in 
color racial constitution and development size 
structure who have hved and stiU live m widely dif 
ferent environments in regard to food chmate hous 
ing and exercise Although bone maturation can oe 
used successfully in the measurement of the geneial 
deretopreent of l«S« E™'* “f bifauls iuia ‘“S 
it mar be highly misleading in estimating Ae general 
Wwreere of msl. retodua). re there .»« 

orei deOttuMl -The free of ePPea»>>“ of 
arepmorer m the rebulu toue. prior » huft 

md the number pre.ent at birth are .horn. 1>> FtS"" 
8-60 AUoftbe pnjnary centers have aPPeate 
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Fig »-66 — Th« primary ossification centers m the tetai sKeie 
ton Drawing of a 13 weeK embryo which had been cleared n 
glycerin after the bones had been stamed with Aiiaann The een 
tern lor the following bones are shown frontat fr panetal P 
postoecipital Po basioecipital 8o temporal souamosa T mas 
Ilia Ut mandible Md clavicle C humerus H radius f> ulna 
U metaearpals Me scapula S ilium / femur f bbia T Ibuia 
Fb metatarsals iWf ribs and vertebras not labeled Magnification 
xS'/i approximately (From Clark 1 


are well developed Into diaphyses by the thirteenth 
fetal week except some of the pnmary centers for the 
shafts of the phalanges in the hands and feet (Figs 8* 
66 and 8-67) O’Rahilly and Meyer demonstrated the 
maturation of the fetal skeleton in a radiographic 
study made after impregnation of the skeleton with 
silver chlonde The pnncipal clinical interest in the 
fetal centers is associated with the diagnosis of pre- 
maturity Ossification begms in the distal epiphysis of 
the femur during the last two months of gestation, 
and this secondary center is present in all full term 
females and in 96% of males at birth Absence of os- 
sification centers in the distal femoral epiphyses at 
birth is presumptive evidence of prematurity The 
presence of an ossification center in the distal femo- 
ral epiphysis is not however, unquestionable evidence 
of maturity at birth, for Schneber and associates 
found visible ossification centers radiographically in 
64 of 124 infants at birth, all of whom appeared to 
have been bom prematurely The center in the proxl 
mal epiphysis of the tibia, on the other hand, is pres- 
ent in but approximately two-thirds of full term in 
fants, its absence at birth cannot, therefore, be used 
as a entenon of prematurity In his anatomic study of 
500 fetuses HiU found a distinct sex hnked lag In the 
development of the male fetal skeleton after the sev 
entb lunar month The ossification centers for the 
humeral bead, the coracoid process, the capitate and 
the hamate occasionally appeared during the last 
months of fetal life The center for the body of the 
hyoid was present in 59% of newborns and appeared 
as early as the fifth fetal month in some cases The 
reader should also consult the paper of Menees and 
Holly for the frequency and the dismbution of osslfi 
cauon centers in the newborn infant Their study was 
based on a roentgenographic study of 500 normal liv 
uig newborns Race as well as sex may be a factor in 










Negro gjrU 


fetaJ maturation, Dunham and her co-workers found 
the ossification center of the cuboid to be present 
more frequently m newborn black infants ihart m 
white newborns 

In the study of Kelly and Reynolds, carpal centers 
appeared first in black females and later in black 
males, white females and then white males in that 
order 

Chnsne studied skeletal maturation in 1 112 singly 
bom, newly bom, premature and mature infants and 
tabulated his data according to birth weight sex and 
race enable 8-2) He found that skeletal development 
m the newborn vanes directly with birth weight 
Black infants were consistently more advanced than 
white infants of the same weight and sex. Female 
neonates were consistently more advanced than male 
infants of the same weight and race 

Postnatal —Ideally, films of the enture skeleton 
should be studied before the skeletal age is estimated 
In daily chmeal practice the time-consunung expen 
sive roentgen examination of all of the bones cannot 
be earned out except m special cases For this reason 
a small and convement segment of the skeleton 
commonly the hand and wnst is considered repre- 
sentative of the entire skeleton m the assessment of 
skeletal age It should be borne m mind that there is a 
potenual error in this practice Unfortunately the 
velocity of ossification may not be uniform in differ 
ent regions of the skeleton of a smgle healthy child or 
In the analogous portions of skeletons of different 
healthy children of the same age who are apparently 
equally advanced in nonskeletal features of matura 
tion Homologous parts of the two sides of the same 
skeleton may show considerable differences in de- 

Fig 6 68 -Oispanty in fnaturat on of the round bones in the 
left and nght wnsls of a healthy boy 3 years of ags m whom 
maturation of the epiphyseal ossification centers in the tubular 
bones of the same hands is identical There are lour eenteis »n 
the left wrist and seven in the right The four carpal centers ir> the 
left wnst agree with the boy s chronological age and w th matur 
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velopment, and there may even be discrepancies in 
the maturational levels of different bones in a small 
structure such as the hand. Dreizen and coUea^es. 
In a radiographic study of the hands of 450 children, 
found identical bilateral symmetry of bone matura 
tion in only 117 children As a rule, the secondary 
epiphyseal centers of the tubular bones exhibit a 
more umform development than do the pnmary cen 
ters of the small round bones of the wrists and ankles 
'Dus phenomenon is demonstrated in Figure 8-68 
Late ossification of a center is usually not associated 
with permanent morphologic changes 

Notwithstandmg the potential errors just discussed, 
roentgenograms of the hands offer the most accurate 
practical method for assessmg skeletal age The sche- 
matic diagrams of Vogt and Vickers (Fig 8-69) are 
specially useful because they show clearly the ivide 
range for normal at all ages in both sexes The chil 
dren who were used in this study were a healthy 
group from which abnormal children were excluded 
by careful clinical investigation For children older 
than 6V» years and thus not Included in the chart of 
Vogt and Vickers the standards of Greuhch and Ryle 
are recommended Dunng the first months of life the 
knee and foot are more satisfactory for appraisal of 
skeletal age because more centers appear at an early 
age than in the hand Stuart's diagrams (Fig 8-70) 
have exceptional advantages dunng the first year 
owing to the use of the short age interval of three 
months 

Sontag Snell and Anderson proposed that the entire 
left side of the skeleton should be used for the estlma 
non of skeletal age m patients younger than 5 years, 
and they pubbshed tables showing the total number 

alion of the tubuler bones In both hands Thesa Imdmgs derrion 
strale the pnnciple that iha carpal bones are much more erratic 
in development than the tubular bones in this patient as has 
been shown repeatedly In large groups of healthy Infants and 
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BOYS GIRLS 

PERCENTILE PERCENTILE 

loth 50 th 90 th 10th 50th 90th 



Fig 8 70 —Normal maturation oltlw bones of ttie feel hom birth to 1 year (According to Stuart ) 




jnted in th6 Elgenmark method A, hand B> 
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of secondary centers normally present m the left side 
of the skeleton at different ages from 1 to 60 manths 
In a careful study of a larger group of normal infants 
and children and with a more elaborate statistical 
evaluation of his data, Elgenmark {Table 8 3) con 
firmed the validity of Sontag’s tables and the useful 
ness of the method The technic is easy and inexpen 
sive the left side of the body, including the scapula 
is filmed, and all of the secondary centers present are 
counted, the number present is then compared with 
the number which should be present according to 
age, m the table, and it is readily mamfest whether 
the patient has the normal number of centers, or too 
few or too many The centers mclude all of the epi 
physeal ossification centers in the long tubular bones 
of the legs, arms, hands and feet the round bones of 
the tarsus and carpus, and the coracoid of the scapu 
la In older children the center for the greater tro- 
chanter of the femur must also be included in the 
count 

In an attempt to estabhsh skeletal criteria for the 
onset of adolescence, Buehl and Pyle found that ossi 
fication appeared m the crest of the ilium within six 
months of the menarche (12 9 years) m two-tbirds of 
130 girls studied These authors suggested that the 
age of inception of crestal Uial ossification in the 
male represents a maturational level analogous to the 
female maturational level at the menarcheal date In 
males, ihal ossification appeared, on the average, at 
14 5 years, or 1 6 years later than m females In the 
proximal phalanx of the second digit of the hand, fu 
Sion of the epiphyses with the shaft also began near 
the menarched date, in the majority of girls this fu 
Sion began after the onset of the menstrual fiow 

In the small bones of the wnscs and ankles there is 
a great vanability in the tune of appearance and the 
order of appearance of the primary centers Robmow 
found that In the same individual the secondary cen 
ters m the epiphyses of the tubular bones of the 
hands and feet often show wide discrepancies in 
comparison with the primary centers ui the tarsals 
and carpals These discrepancies between round 
bones and epiphyseal centers sometimes make It 
duSicrdit or irapossiVie to appraise "iiie sVwSetsi age 
according to the standards of Vogt and Vickers, Todd 
or Flory Robmow made the interesting suggestion 
that two categories of skeletal age be estabbshed, 
“round bone skeletal age” and "epiphyseal skeletal 
age ” 

In a study of the vanabibty in the order of appear 
ance of the ossification centers of the bones of the 
hands and the wnsts in 75 boys and 79 girls. Gam 
and Rohmann found that even the least variable chll 
dren diverged substantially from the median se- 
quence for the group The sequence of appearance of 
the triquetral and the trapezium and trapezoid bones 
differed m boys and girls Deviant ossification pat 
terns did not appear to be due to illnesses in these 
children They also found that the hand wnst ossifi 
cation count was not a precise measurement of the 


developmental progress of the whole mdividual but 
was sigmficant in the identification of growth abnor 
malities in groups of individuals In a later analysis of 
the hand wnst development of 300 children with Sil 
vetman, they found the 10 most consistent secondary 
centers for appearance time to be in this diminishing 
order distal phalanx, third finger, distal phalanx, 
fourth finger, proximal phalanx, second finger, third 
metacarpal, distal phalanx fifth finger, distal phal 
anx, second finger middle phalanx fourth finger, 
fifth metacarpal, proximal phalanx fifth finger, and 
middle phalanx, second finger These findings confirm 
Robmow's conclusion that the sequence of the round 
bones in the wnst is more variable and therefore less 
useful than the sequence of appearance of the cen 
lets In the epiphyseal cartilages of the tubular bones 
of the hands Surprisingly, the radial epiphyseal cen 
ter was more variable than the epiphyseal centers m 
the small tubular bones of the hand 
In many older children there is a fair correlation 
between skeletal age before adolescence and ultimate 
adult height Bayley and Pmneau published useful 
tables for predicting final adult height from skeletal 
age as determined from films of the hand They 
claimed that after the 9th year juvenile skeletal age 
and mature height correlate in the degree of 0 86 The 
principal error in the method is the difficulty m esti 
mating skeletal age accurately The younger the sub- 
ject, the greater the error of prediction However, in 
boys older than 14 years and in guls older than 12 
years, Bayley and Pmneau found that they could pre> 
^ct the mature height within 1 inch in approximately 
two-thirds of cases 

The method of Acheson which measures maturity 
from the differennal features of the bones at different 
ages and expresses maturity m “matunty units’ 
(Oxford units) rather than umts of time promises to 
solve the difficulties m this problem 
The reader is referred to the paper of Falkner for an 
exceptionally clear and authontative discussion of 
the basic principles of human development and of the 
methods available for its study Biometry and stads 
tics are presented simply and with refreshing clanty 
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Anatomic Variations 
Local 

There are numerous anatomic variants in the grow 
ing skeleton which closely simulate the destructive 
and productive lesions caused by disease The diag 
nostician must be familiar with the sites of these var 
lants their character and the age of their appearance 
and disappearance if he is to evaluate films accu 
rately and if he is not to give children diseases which 
they do not have Air trapped between the fingers may 
simulate fractures when superimposed on phalanges 
(Fig 8-71) Full knowledge of these common variants 
is much more important and useful than knowledge 
of the roentgen signs of the diseases themselves I am 
convinced that many of the so-called cases of Infan 
tile and juvenile osteochondrosis or osteochondritis 
described m the hterature are actually examples of 
unrecognized and wrongly interpreted normal varla 



Rg B 71 -Strips ol a t trapped between the f ngers In lateral 
obi Que project on are supenmposed on the pros mai phalanges 
ol d g ts three and lour and t mulate long tud nai fracture > nes In 
them The pat ent was an asymptomat e g rl 2 yeara of age The 
bones were normal of course n frontal pro|ect on 


Uons in the bones rather than ischemic necrosis the 
cases of Perthes disease are of course excepted 
However it is exceedingly difficult to differentiate 
slight changes due to stress from normal variants 
(Figs 8-72 to 8 74) 

Metaphyseal cuppings without comcal epiphyseal 
ossification centers both single and double are occa 
sionally found in the phalanges of apparently healthy 

children (Fig 8-75) In an otherwise healthy girl of 22 

months the terminal segments of the thumbs and 
fingers were efongaterf owing to enfargements of the 
epiphyseal ossification centers of the distal phalanges 
(Fig 8 76) These changes were bilaterally symm^trl 
cal and might be classified as congenital ma]for>na 
Qons rather than normal variants 
During the first decade of life the epiphyseal ossifi 
cation centers in the proximal epiphyses of the meia 
carpals are roughly hemispherical during the ^th 
10 th and 11 th years the sides of the ossification cen- 
ters become flattened and even cupped on their medi 
al and lateral sides (Fig 8 77). This lateral flattening 
and cupping begins characteristically in the fifth 
metacarpal and is usually more pronounced on the 
lateral than on the medial side of the hand The other 
metacarpus become flattened and cup progressively 
from lateral to medial sides of the hand and during 
later years the cupping is more marked on the lateral 
sides of the metacarpals This metaphyseal flattening 




Fig B 72 —Pseudofracture of the epiphyseal ossification cen 
ter In 6, frontal projection the middle phalanx of the third digit 
(arrow) IS smaller and not fuHy extended As a result theradiolu 
cent strip ot the cartilage plate is superimposed obliquely on the 
body of the ep physeal oss f cation centers The second digit In 


A frontal projection is not swollen and is fully extended so the 
cartilage plate is not superimposed on its epiphyseal ossification 
center and there is no false fracture In C lateral projection of the 
second digit the I nger la fully extended the part al flexion of the 
third digit is shown in D. lateral projection 


Fig 8 73 -A spurious marginal fractures of the ep physeal 
ossification centers of the middle phalanges of the second and fourth 
d g ts due to slightly obi qua superimposition of the rad oluceni 
earl lage plate on the epiphyseil oss iication centers of the middle 
phalanges of the second and fourth digits (atromrs) Thepahentwas 
a healthy girl 13 years of age 6 false fractures of the ep physeal 
oss fieation centers (arrows) of the middle phalanges due to slight 
flexion of the prox mal Interphalangeai joints which cause 
superimposition of the radioiucent cart lage plate on their epiphyseal 
ossification centers 




Bones— Anatomic Variations / 897 





898 / SECTION 8 The ExtremiUes 



of the epiphyseal ossification centers is prominent 
and is a consistent finding during adolescence and its 
degree of involvement is a good measure of age dur 
ing adolescence 
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Hand and wrist -In the basal phalanx of the 
thumb and In the middle phalanges of the other fin 
gers small oval sharply defined defects are frequent 
ly visible these represent the nutrient foramens to 
the shafts of these bones They are rare in the distal 


or proximal phalanges save in the thumb Smular 
radiolucent defects m the round carpal bones cast by 
nutrient foramens may be mistaken for cysts or de- 
structive foci The middle and termmal phalanges of 
the fifth digits are said to be hypoplastic in a small 
fraction (1 100) of normal children In Downs syn 
drome (mongoloidism) a large proportion of patients 
have a similar hypoplasia which is responsible for the 
curvature of the fifth dipt one of the consistent sQg 
mas of the disease The radiographic appearance of 
the mongoloid hand was reported by Telford Smith in 
July 1896 only a few months after Rontgen bad re- 
ported the discovery of x rays Cretins and acbondro- 
plasts occasionally show the same hypoplasias 
Extra and falte epiphyseal ossification centers 
may appear in the proximal epiphyseal cartilages of 


Fig 6 78 - Accessory and false secondary ossit cation centers B false centers m the second ih rd fourth and f fth metacarpas 

in the proximal cpphyseal cart lages of tne metaearpais of nor of a eh id 2 years of age $ miar lalseeanten were present in the 

mal Infants A in the second metacarpal of an infant 12 months other hand 
of age a sim lar accessory center was present In the other hand 
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the second, third, fourth and fifth metacarpals and 
metatarsals, where usually the cartilages are ossified 
progressively by extension of the edge of the shaft m 
a smooth transverse edge Extra or supernumerary 
ossification centers appear well out beyond this edge 
as individual bony foa which then grow penpherally 
and finally fuse tvith the advancing edge of the shaft 
The false centers are merely rods of bone which ex 
tend off the edge of the shaft into the cartilage and 
simulate partially fused ossification centers when 
their proximal ends swell into a mushroom shape or 
their bases constrict near their junction ivith the 
shaft Examples of these variants are shown in Fig 
ures 8 78, 8-161, 8 569, 8-817 and 8 818} Lee and 
her colleagues called this phenomenon, in the second 
and fifth metacarpals, “metacarpal notching" and 
found no correlation between the notching and either 
stature or maturation, in a comparison of these fea 
tures in children without notching It should be em 
phasized that the term ‘pseudoepiphysis" for acces- 
sory or pseudo-ossification center is a misnomer, there 

Rg S-79 -Physiologic sclerosis Of the epiphyseal ossification 
centers >n the phalanges of asymptomatic children k, of the d>s 
tal phalanges of digits 2 9 4 and 5 of a girt 6 years of age B, in 
the tenninal phalanges of digits 2 and 5 of a boy 6 years of age 


IS no such anatomic entity as a pseudoepiphysis 
In studies of the maturation of the phalanges of the 
toes by Stanley M Gam of the Fels Research Insti 
tute, absence of epiphyseal ossification centers (EOC) 
bad a surpnsmgly high incidence in the middle phal 
anges and a less high but substanDal inadence in the 
distal phalanges This incidence of absence was 
higher in girls, tended to be famihal, which indicated 
a strong genetic influence, and was clearly sex linked 
Absence of EOC led to fusion of primary centers of 
the shafts frequently In the middle phalanges of 
girls. EOC were absent in 99%, 70, 24 and 1% in the 
fifth, fourth, third and second toes respectively, and 
m boys m 93%, 54 16 and 2% respectively Inthedis 
tal phalanges of girls, EOC were absent in 31%, 1 and 
1% in the fifth, fourth and third toes, and in boys in 
3S%, 1 and 0 5% respectively 
In asymptomatic children there Is a wide variation 
in the density of the epiphyseal ossification centers of 
the phalanges some may be sclerotic when others 
are less dense (Fig 8-79) The diagnosis of osteochon 

C, symmetrical sclerosis In both hands digits 3 4 and 5 61 the 
middle phalanges ol » girt S years of age These scleroses do 
not warrant the diagnosis ot sclerotic epiphysit s when pam or 
limitation or swelling appears in the hands 
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Fig 6 80 —Trans tory Internal thicken ngs of the cort cal walls 
of the metaca pals In the newly born farrows] The Frst metacar 
pal Is th ckened on Its ulna s tfe wh le the secortd and third 
bones are thickened on the r rad al s des These reg onal thick 
enlngsdsappear gradual ydu ngthef st weeks alter birth 

dntia or epiphysitis is not warranted on the basts of 
this healthy sclerosis it seems Ukely that the changes 
in Staples a patient represented healthy sclerosis 
rather than osteochondritis 
The neonatal metacarpals present distinctive thick 
emngs of their cortical walls in the first metacarpal 
the medial wall is thicker than us lateral cortical wall 
and the converse is true of the second metacarpal 
(Fig 6 80) After the first weeks of life the ongin^y 
thinner medial (ulnar) cortical wall of the second 
metacarpal becomes thicker than its lateral (radial) 
counterpart The transitory early thickening of the 
lateral (radial) cortical wall of the second metacarpal 
Is probably due to stress from prenatal position of the 
hand Lateral and medial cupping of the epiphyseal 
ossification centers (Fig 8 81) first becomes evident 


Fig S 81 -Late al and medal cupp ng of the s des of the ep 
pbyseal oss I cat on centers n the metacarpals of a healthy g rl 
13 yea s of age 



in girls at about 10 years of age and m boys at 12-13 
years Garn and associates found medullary stenosis 
of the metacarpals in 74 of 2065 native healthy worn 
en of Central America 18-45 years of age The high 
est madence was found m Costa Ricans (66/1000) 
The lunate may show two centers early (Fig 6-82) 
which may fuse later or persist as separate ossicles 
lunate and epilunatum Sometimes the lunate and 
triangularis fuse and give nse to a spurious fracture 
Ime at (heir site of fusion (Fig 6 83) Mmaar suggest 
ed that (his fusion represents a persistence of a pnnu 
tive characteristic in African (Negro) peoples The 
hook of the hamate which is invisible dunng the ear 
ly years of childhood should not be mistaken for a 
separate ossicle or a fracture fragment when it be- 
comes conspicuous prior to adolescence (Fig 6-84) 
The pisiform the smallest carpal bone and the last to 

Fig 8 83 Fus on of the lunate and t angular s n an asymp 
lomatcg ITyearsofage In a case of Injury thefssu ebetween 
the ncompletely fused bones should not be m staken for a f ac 
ture I ne 
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Tig 8 84 —Hook of the hamate n an asymptomatc boy 12 
years of age Th S normal unc nate process shou d rtot be m stak 
en for a fracture fragment or an accessory oss cle The hook of 
the hamate is not v s bte roentgenog aph cat y dor ng nfahcy 
and earl er ch Idltood because t s not m ne a ^ed The th td 
arrow is d reeted at a rounded sesemo d bone rt the tendon of 
the flexor poll e s brev $ and s adjacent to the f r$t metacarpo 
pha angeal joint 

appear often ossifies from several small foci (Fig 8* 
85) and it may remain granular for years after it first 
appears the i^agnosis of osteochondrosis juvemlis of 
the pisiform should be made >vith caution In the 
earliest staged of their development the mulcangulars 
may be rough and irregular (Fig 8*86) in healthy in 
fants who show no local signs of disease Ravelli de* 
senbed binudlear ossification of both multangular 
bones and of the semilunar bone in a boy 6 years of 
age in a second patient a girl of 6 the greater mul 
tangulars only exhibited double ossificanon centers 

A comprehensive detailed summary of anomalies m 

Fig 8 85 —Normal irregular m neral rat on ot the pstofm *. 

I ne mull pie bony foci in the p s form of an asympiomal c boy 9 




Fig 8 86 —Normal rregular m nera rat on of the greater mul 
tangular m a girl of 2 years 


the carpal bones was made by O RahiUy (Fig 8 87) 
and his data are recommended to the reader for the 
identification of rare anomalies of fusion accessory 
ossicles accessory sesamoids bipartite bones and 
anomahes caused by mechanical stresses of disease 
O RahiUy concluded that some of the postnatal acces 
sory ossicles are formed prenataUy because nodules 
of hyaline cartilage have been found In embryos at 
sues corresponding to the sites of the ossicles found 
postnatally 

During the first months of hfe the distal ends of the 
ulnar and less frequently the radial shafts may pre- 
sent a cupped transverse surface Instead of the cus- 
tomary straight transverse surface seen in most in 
fants physiologic cuppmg of ihis type should not be 
misinterpreted as rachitic cupping We have seen 
defects in the proximal metaphysls of the radius 
which were apparently due to repeated slight stress 

years of age B g anular pis lorm n an asymptomal c boy 12 
yearaofage 
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Fig 8 67 --Accessory bones 
O Rah lly The pa mar aspect of 



: cles shown in b 


Fig 6 88 -Metaphyseal defect n the lateral segment ol the 
metaphyssof tba rghtrad VIS nagri tOyearsof egewhowasan 
expert cell el end had reputedly praet eed several hours da ly for 


save a) yea s Th s could pe haps be c ass f ed mo e p ope 
a stress dafaci than a no mat var ant (A) r ght hand end ' 
(B) left hand and wnst 
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over several years (Fig 8 88) During the latter half 
of childhood the radius and ulna may terminate in 
wavy irregular surfaces (Fig 8 89) In normal children 
whose other bones show normally smooth diaphyseal 
ends We have seen some healthy children who be- 
fore and during adolescence showed mulupie bony 
foci m the cartilage between the shaft and the epi 
physeal ossification center (Fig 8-90) possibly these 


foci represent calcifications in the portions of the cor 
tilage contiguous to the channels of the epiphyseal 
arteries but so far as we know these calcifications 
have not been studied anatomically Separate osslfi 
canon centers for the styloid of the ulna are not un 
common (Fig 8-91) and they should not be mistaken 
for fracture fragments 

The number and distribution of the sesamoids of 
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Fig 8 92 -Th« loeat on and d }tr dut on of iha constani and 
neonstant sasamo d bonas of (ha hands F va sesamo ds a a of 
almost constant oecurrenea tha pa r at (ha base of tha (hvmb 
wh ch appear just before ado aseance tha s ng a sasamo d more 
d stal In the thumb and the sol tary sasamo dsai tha bases of ma 
second and f flh d g ts F va add t onai sasamo ds a a shown 

the hands are shown In Figure 8 92 The sesamoids 
are usually idenuiied clearly radiographically but 
when they are partially superimposed on the neigh 
bonng metacarpal they may simulate fracture frag 
ments (Fig 8 93) 
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Waugh R L. and SuUivan F Anomalies of the carpus with 
particular reference to bipartite scaphoid (navicular) J 
Bone & Joint Surg 32-A 682 1950 
Weinert P Ein Beitrage zur Frage der Pseudo-epiphysen 
AnaL Anz. 99 1 1952 

White E H Bilateral congenital fusion of the carpal capi 
tate and hamate A case report Am J Roentgenol. 52 
406 1944 


Forearm -Ridges on the middle third of the shaft 
of the ulna and radius are sometimes prominent and 
cast narrow penpheral shadows suggestive of cortical 
thickening Owing to a more delicate and less opaque 
spongiosa the lateral half of the radius is more ra 
dioluceni than the medial half The widely meshed 
spongiosa in the proidmal end of the ulna normally 
casts a widely spaced reticular shadow which should 
not be mistaken for bone destruction Canals for the 
nument artery are visible m the olecranon process in 
15 20% of healthy children (Figs 8-94 to 8-96) Van 
ations in the thickness of the cortical wall and m the 
spongiosa of the proximal end of the ulna may sunu 
late fracture lines (Fig 6 97} This healthy defect 
should be remembered when the question of destruc 
tive disease is raised at this site Tlie spongiosa m the 
proximal end of the radius is m contrast thick and 
coarse 

Elbow —Tlie several secondary epiphyseal centers 
can be satisfactorily identified only after two projec 
tions have been visualized (Fig 8-98) In frontal 
projections the center or centers m the olecranon arc 
superimposed on the humerus and are poorly seen 
The trochlear center is consistently Irregularly miner 
altzed and always develops from several small foci 
(Fig 8 99) Single and multiple secondary ossification 
centers m the olecranon epiphyseal cartilage may 
simulate fracture fragments (Figs 8-100 and 8-101) 
The lateral epicondyle does not fuse directly with the 
humeral shaft as the medial epicondyle does but In 
stead fuses first with the neighboring epiphyseal ossi 
ficadon center the capifellum then their fused mass 
fuses with the end of the humeral shaft (Fig 8-102) 
In cases of Injury the position of the vanous centers 
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Fig 8-94 — B lateral symmetrical nutrient canals in the 
olecranon process in the utnas ol a healthy g rl 10 years 


Fig 8-95 r*fi) "Deta I of the canal for the nulnent artery of 
the olecranon of a hea thy g rl 9 years of age The oval bony edge 
IS sclerot e wh ch d tferent ates the foramen from the oro nary 
destructvetes on 

Pig. 8 98 (center) — Unusua ly large foramen for the nutnem 
artery ol the ulna w th unusua ly sclerot c ma g n The e were no 
foramens in the olecranon ol the other ulna. Th s asytnptomat c 
boy was 14 years of age 


Fig 8 97 (right) -Long tuO nal stnp of d m n shed dens ty (ar 
rew) n the pros ma) end ol the ulna wh ch s mutates a long tud 
nal fracture Long tud nal g ooves and ndges In the eort cal wa I 
end tongitud nal detects In the spong osa are respona ble tor 
changes ol ihs type Ths was an asymptomatic boy 14 years of 
»3« 
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Fig 8 98 -Normal secondary epiphyseal ossif cation centers shaltol the radius B cap tulum of the radius 9 capitellumofthe 
at the elbow A, Ironta’ and B, lateral project orts T olecranon humerus >0 lateral ep condyle 11 lateral projection of the dia 
fossa I shaft of the humerus 3 centers of the olecranon pro physeaf end 
cess 4 med al epicondyie S trochlea B shaft of the ulna 7 


Fig 8 99 - Normal irregular ossif cation center of the trochlea Rg 8 100 -Synchondrosis of a partially fused a ngle normal 
of a healthy boy 13 years of age Th $ irregular ossificai on of the secondary ossihcation eenler of the olecranon which aimulatea 

trechleapersisuthroughoutlhegrowinper odandshouidalways art incomplete fracture line The patient was a hsalthy boy 13/s 

be reeogn zed as a normal variant actually >t is the rtorm The years of age 
capitellum m contrast ossifies un formly as it eioands dunng 
the growth period 
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Fig 8 101 (left) -Mult pie OSS r cat on centers mneoiecranon already fused w tit the cap teNum in B et tz/r years and these 

epiphys s wh chs mulate mult pie fracture fragments attheeibow combined ess I cat on centers will later fuse wth the shaft The 

The pat ent was a healthy boy 1 1 years of age med at ep condyle center is fusing d redly with the shaft n A and 

Fg 8 102 (rtght) -The lateral ep condyle center s ndepen B in B the Iroehtea s normally Irregular 

dent of both the cap tellum and the shaft <n A at it years I has 


Fig 8 103 0*tt) -Frontal project ons of the rghi (A) and left Fig 8 104 (right) -Frontal project on of the rght ebow of a 
(B) elbows of an asymptomat c g rl 1 1 years of age The oss f ea healthy g rl 1 1 years of age The lower arrow po nts to a small 

t on center for the r ght lateral ep condyle (arrow) s large and smooth independent imsge of bone dens ty at the level of the 
has been present for several months Onthelett thsossfcaton irocWea Theupperarrowponistothemedalepcondyle 
center has not yet appeared 
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Fig 8 105 (left) —False long tud nal obi que fracture i rte n Ihe 
med al epicondyle of the humerus of a hea thy boy IS years of 
age The rad o ucent I ne Is east by the Super tnposed rad oluceni 
shadow of the eart lage plate between the oss f eat on center of 
the epicondyle and the bony s de wall of the humerus Also there 
is a small rounded independent mass of bone at the lower pole of 
the epicondyle which could be m staken lor a fracture fragment 


Fig 8 106 (right) —False fracture Ine and fragment at the 
lower pole of the med al ep condyle of the humerus (upper ar 
row) of a healthy boy tOyearsofage cast by an accessory ossi 
I cat on center and its radolucent synchond oss at the lower 
pole The lower arrow po nts to an accessory center of Ihe 
tro^lea 


should be carefully identified before epiphyseal lacer 
ation and displacement have been excluded 
The ossification center for the lateral epicondyle on 
one side may appear several months before its normal 
counterpart on the other side (Fig 8-103) and be mis- 
taken for a ftacture fragment in the case of injury at 
this elbow A small smooth Independent center for the 
trochlea may simulate a fracture fragment (Fig B 
104) Accessory ossification centers m the epicondyles 
of the humerus also simulate fractuie fragments 


Fig 8 107 (left) -Multpl* ossfeaton c«ni«rs n ih« lateral 
ep condyle Of the humerus wh ch could be m staken for comm 
nuted fracture fragments after Injury to an e bow Th s healthy boy 
was 12 years of age 


(Figs 8-105 to 8-107) The radiolucent cartilage plate 
(he dorsal segment of which is more proximai than 
the ventral segment often casts a transverse stnp of 
diminished density in the lateral half of the humerus 
which simulates a fracture line (Fig 8-106) Air 
trapped in (be transverse and curved wrinkles of the 
skin cast radiolucent stnp images which may be con 
fused with fracture lines (Figs 8109 to 8-111) Rare- 
ly a sesamoid bone develops in the tnceps tendon 
(patella cubm) The secondary ulnar centers are char 


Fig 8 IDS (right) - A false transverse fractu elnejustprox mal 
10 the cep teiium of the humerus cast by the dorsal segment of 
Ihe ted oiueent eeriiiege plate wh eh is s tuaied more prox mal 
than the ventral segment A frontal and B lateral project ons 
The patent was a healthy boy 12 years of age 
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Fig 8 109 (left) —Curved line o< dim nished dens ty (3 ertows) 
simulates a supracondylar fracture line m trie med at ha f of the 
end of the humerus This rad olueent line is east by a wr nkie of 
skin behind the elbow during full extension of the elbow and then 
compression aga nst the casette which traps air in the wrinkle 
The other arrows are d reeted at (1) the radiolucenlcteft between 
the lateral epicondyle and the shaft cast by the part at y closed 
radiolueent synchondrosis (2) the radiolucent synchondros $ of 
the trochlee (3) the rad olueent synchondros s of the med ai ep 
condyle superimposed on part of the ma n body of the epicon 
dyle This healthy girl was 10 years of age 


Hg 8-110 (right) —Curved rad olueent bend supenmposed on 
the medial half of Ihe end of the humeral shaft which simulates a 
fracture widt substantial dstraction of Ihe fragments The band 
extends I5«?0 mm beyond Ihe med al edge of the bone and is 
obviously not a fracture I ne It la cast by a rad olueent str p of air 
trapped m a curved wrinkle of skin behind the elbow during ex 
tens on The wrinkling is caused by lull extension and compres 
Sion aga nst the casette Th s asymptomatic bey was 6 years of 
age 


Fig 8 111 -Transverse band of rad oiucem a r trapped n e 
cutaneous wrinkle which Is superimposed on Ihe supracondy ar 
level of the end of the humeral shaft and could be m staken lor a 
fransverse supracondylar fracture in the case of njury lo th s 
elbow The pat ent was a healthy g rl 20 months of age 



Fig 8 I12.-Aare accessory ossicles ai the elbow A anteeubi 
tai bone B paratrochiear bone C accessory coronoid (From 
Schwarz ) 
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FI9 B 113 -Orawng Of tha supraeancTylo 4 process on ihe 
antar or surface of the humerus wh eh shows the ralat on of the 
process to the brach al artery and its branches and the mad an 
nerve (From Barnard and McCoy ) 

actensQcally rough occasionally the radial and 
humeral centers present irregular edges and a granu 
lar texture in asymptomatic children Scbwarr pomt 
ed out that there are less common anomalous ossicles 


at the elbows -the antecubital bone the paratrochlear 
bone and the accessory coronoid (Fig 8 112) 

In the distal end of the humerus the bony septum 
which separates the olecranon fossa behind from the 
coronoid fossa m front vanes in thickness and casts a 
shadow of vanable density Extraradiolocency in this 
area should not be mistaken for bone destruction 
Occasion^y the septum is perforated or absent and a 
supratrochlear foramen is present this foramen is 
said to be more frequent m pnmitive peoples The 
supracondyloid process is a vestigial structure which 
projects from the medial aspect of the antenor sur 
face of the humeral shaft (Fig 8-113) This process is 
said to be present m about 1 % of persons of European 
stock only m rare instances is it associated with elm 
ical signs usually median nerve neuralgia. The proc 
ess is not well seen in frontal projections of the humer 
us but in lateral and espenally oblique projections is 
clearly visualized as a beaklike exostosis in front of 
the antenor humeral edge (Fig 8-114) The supracon 
dyloid process may be connected below with a tendi 
nous band which extends to the medial epicondyle 
and an anomalous msertion of the pronater teres 
when this band is calcified it outlines the supracondy 
loid foramen 


REFERENCES 

Barnard UB and McCoy S M The supiaeondylo d process 
oflhebumenis J Bone & Jomt Surg 23 645 1946 
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Rg 8 115 —Factitious sh ft m pos t on of the netmally eccan 
trie prox mat ossif cat on center of the humerus caused bv rota 
t on of the bone A, anatomic position of the humerus «rith the 
ossicaton center m the medal segment of the epphyss B 
with the humerus m internal rotat on the ossif catiorr cerrter 
appears to be displaced laterad Trae ngs of roentgenograms 
The pat ent was 6 months of age 

am Proxtinalende dei Ulna. Fonscht Geb Ronigenscrah 
len 84 598 1956 

Levuie M A. Patella cubin J Bone & Joint Sure 32 A 686 
1930 

Sehwan G S Bilateral astecubital ossicles Ifabetla cubio) 
and other accessory bones at the elbow Radiology 69 730 
1957 

Caution should be used in the diagnosis of displace- 
ment of the proximal humeral centers for they axe 
normally eccentric The first center to appear de- 
velops m the medial half of the epiphysis When the 
arm is rotated internally this eccentric center shifts 
to a factitious lateral position (Fig 8-115) Internal 

Fig 8 117 -The shadow cf the bicip tal groove and ts ecm 
pan on tubercular r dges in the proximal segment e* the humerus 
when the humerus is rotated externally and these structures are 
seen in prof le They are not visible when the humerus s r» ana 
Icrac posiipTi because ibe^ we eupervrviposed orv heavy 
shadow of the shaft A, in a healthy infant 9 monihs of age with 



Fig 6 116 — A false fracture (arrows) of the humeral necl< on 
internal rotat on to 90 degrees B, there Is no fracture I ne in ana 
tom c pos t on The rad olucent can laginous plate at the end of 
the shaft IS r>ot a stra ght plate transverse to the long axis of ff’a 
Shalt but IS tented w th the apex well above the p tched ante- 
ror and posterior segments The anteror pitch la wder and 
deeper (harv the poster or and it is the image of the segment be- 
low the posterior end of the shaft wh eh casts the fact f ous *1®®- 


rotauon is the characteristic position of the humcnis 
m Erb $ palsy and the importance of rotation a 
cause of spurious malposition of the ossification cen 
ter should be considered before diagnosing epiphysAol 
displacement 

At (he proximal end of the humerus the radiolu 
cent cartilaginous strip between the head and shaft is 
continuous but the lateral segment lies distal to the 
medial segment (Fig 8-116 A) IVhen the humerus is 

the arm elevated (abducted) over the head and the entener wall 
oi the humerus rotated nto a lateral prof le pos t on 6 In an In- 
tant 12 months ot age with the arm partially abducted and its 
anier O' wall rotated into the lateral pos t dn Th s normal depres 
son arrd rts rad olucent shadow rnust not be mistaken tor de- 
structive les ons of inflammatory or neoplast c or g n 
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Internally rotated 90 degrees the two radjolucent 
stnps-the medial segment proximal and the lateral 
$egment distal^may suggest an epiphyseal plate and 
a fracture line (Fig 8 116 B) to the unwary 

The bicipital groove m the anterior surface of the 
proxmial end of the humeral shaft varies greatly in 
different individuals but may be sufficiently deep 
even during the first months of life to east a shadow 
of diminished density when the ancenor surface of 

Fig 8 11> -End of one b c p tai r dge wn cb s mufsies a spur 
or s local zed triumat e thicken ng The pat ent was an esyntpio 
mat e boy 4 i yea s of age 



the shaft is projected in profile (Fig 8 117) this 
groove shadow should not be mistaken for a destiuc 
live lestOD In some oblique projecOona the two tuber 
cular ndges which parallel the groove overlap and the 
crest of one of the ndges gaves the spunous appear 
ance of localized cortical thickening (Figs 8-1 18 and 
8-I19) 

Froimson and Al^d found a large pamte sesamoid 
bone in the subscapulans tendon of a man 28 years of 
age 

Cocchi demonstrated that the lesser tuberosity has 
a secondary ossification center of its own which 
makes its first appearance dunng the 3rd year and 
then fuses with the humeral head dunng the 6th and 
7tb years This third ossification center in the proxi 
mal epiphyseal cartilage of the humerus is best seen 
when the arm Is rotated externally and abducted to a 
right angle the central beam of x rays is directed into 
the axillary fossa vrith the roentgen tube parallel to 
the sagittal diameter of the thorax and mclined 10 
degrees caudad 

REFERENCES 

Cocchi. U Zur Frage der EpipbysenosslfikaQon des Hume- 
niskopfct Das Tubercuium minus Radiol elm 19 18 
19S0 

Froimson K andAlfredK.S Sesamoidboneinthesubscap- 
ulans tendon J Bone & Joint Surg 48-A 881 1961 

Feet —Phalanges and metatarsals —Accessory os- 
sification centers may develop in the distal phalanx 
of the great toe (Fig 8-120) Normal dysplastic spbt 
tiog of the caralagwous plate may produce a facd 
tious fragment fracture at the base of the shaft of the 
distal phalanx great toe (Fig S-121) The forameo 
and canal for the nutrient artery of the proximal pha 
lanx of the great toe is usually visible in both frontal 
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R9 8 iai ~The r ght (A) and left (B) g eai ioe$ n o ai 
project on there a an accessory oss f cat on cenie n ine «d 
physeal cart lage (arrow) in B the cart laga plate s «p and a 
small tnangular segment ot the metaphys s s moiaies a < aciu e 
fragment The pat ent wasa hea thyg rl 11 years or age 




ng 6 122.-The foramen (A) m frontal project on and the ca 
nal (B) for the nutr ent artery of the shaft of the proximal phalanx 
of the great toe should not be m sUken for a leslonal defect or 
fracture rne This asymptomatc g rl was f 2 years of age 

and lateral projections (Fig 6'122) In the great toes 
remnants of the cartilage plate of the proximal pha 
lanx may be responsible for false fracture fragments 
and fracture lines (Figs &>123 and 6*124) The Incom 
plete synchondrosis at the distal end of the first meta 
tarsal may simulate a fracture (Fig 6*125) The sec 
ondary centers m the epiphyseal cartUagea of these 
small tubular bones often develop from several fine 
bony foci and normally they may cast Irregular shad 
ows xnih rough edges for several years after they first 
appear (Fig 8 126) Secondary centers may never 
appear m the epiphyses of the dbstal phalanges of the 
third fourth and fifth toes 
The conical epiphyseal ossificauon centers (mis* 
takenly called cone-shaped epiphysis by some) of 
(he pedal phalanges are shown in Figures 6*127 and 
8 128 Cone shaped epiphyseal ossification centers 
are also encountered in the phalanges of the fingers 
(Fig 8 129) In a study of the radiographs of the feet 
of 1800 normal London school children Venning 
found (hat conical ossification centers (CEO) oc- 
curred in the proximal phalanges in 26% of girls and 
8% of boys aged 4 through 10 years and in 13% of 
gu-ls and 4% of boys aged 11 through 15 years The 
lower incidence in older children suggests that the 
cone-shaped centers fuse earlier than the normal 
disk shaped type ^Vlien only one phalanx had a cone- 
shaped center It was always in the third toe and 
when there was more than one cone-shaped center 
(hey were located In descending order of frequency, 
in the third toe fourth second and fifth toe Cone- 
shaped centers are almost always distributed bilater- 
ally in symmetrical patterns The shafts associated 
with markedly cone-shaped centers tend to be short. 
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Fig 8 123 Frontal p ojaet ons of me g eat toes A i on center a p esent In (he p ox mal ep phys s of the p ex ma 

right and B left In A a sma 1 1 angu ar mass of Pone s cut otf imalanx Put in B f vc years late the same center $ b f d It is 

from the ma ri mass of the pha anx by an ob cue rad o ucent man fest that th s center d d not develop f om two centers and 

synchondros a In B an Incomplete rad o ucent synchondross the two masses of bone do not rep esent two can ers wth a syn- 

notches the prox mal phaangeal shaft on its lateral edge nea Its chond os s between them wheh has always been present The 

dstalend This heathy boy was 12 years of age $p tingofmscenie deve oped between the Sth and 10 h yeare 

Fig 8 124 (right) -Prenta proieet ons of the left g eat toe at ollfe The causal mechan sm suncertan The patent was an 

age S years (A) and at 10 years <B) in A a s ng • no ma oss 1 ca asympiomai e boy who had had no reeogn zad n u as 


Flo B12S Incomplete synchond os 8 of a false accessory far Indngs In the rght mela arssl of Ihs asymptomatc boy 11 

ep physeal oas f cat on center wh ch s muiates a t ansverse I ac years of age A, I ontei B ob gue end C late a p ojeet ons 

lure at the d sial end of the left f rst mefatirsil The e we e s m 
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Fig s 127 -Symmetr csl b lateral con cal or belt shaped ep 
physeal oss I eat on centers >n the prox mal phalanges ol the 
second th rd and fourth toes of both feet of an asymptomat c g d 
8 years of age The eont guous d stal end of each shaft s re- 
cessed to reee ve its elongated oss I cat on center The ep phy 
seal oss f cat on centers n the basal phalanges of the f rsl artd 
t fth toes are the normal flat shallow transverse d shs usually 
present rt all of the phalanges Irt the m ddle and d stai pha 
langes el toes 2 3 4 end S the pr msry and secondary ess I ca 
t on centers have fused n s ngle bony masses 



Fig 8 t2B — Cone-shsped ep physeal oss I eat on centers in 
the m dd e phalanges el ihe second and th rd toes of an atymp- 
tomat c boy 14 years of age The bases of the shafts cent guous 
to these centers are deep y notched to reee ve the apex pl the 
cones In the m ddie phalanges of toes 4 and S the ep physeal 
oss f cat on centers have already fused w th the r shafts The epn 
physeal oss f cat on earners of the d stal end prox mal phalanges 
a « normally shaped 
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Rg 6 139 —Normal aeala ossification canter in the apophyjis 
at the proximal end of the t Kh maiaiarsai of a healthy boy i2 
years of age When this center fails to fuse normafiy later with the 
metatarsal shaft the independent mature ossicle is called the os 
vesalianum A faint transverse fracture line in the end of the shaft 
is located directly opposite the ossification center 


Cone shaped ossification centers and other minor 
anomabes of the bones in the hands were studied in 
healthy Bntish children aged 1-15 years by de Ituni 
za ^d Tanner They found that In some there were 
no residual defoimities (group A), in others, slight 
malformations did result (group B), and others were 
associated with the development of specific patho- 
logic skeletal syndromes (group C) 

Accessory ossification centers in the proximal epi 
physeal cartilages of the metatarsals are common 
and usually have no recogmzable clinical signifi 
cance, as in the hand, they are most common in cre- 
tms We have seen one example of irregular mineral! 
zaoon of the distal tips of the shafts of the first meta 
tarsals (Fig &'l32) m a black girl who appeared to be 
healthy and was asymptomatic 
Dunng puberty a scalelike secondary center may 
appear in the proximal epiphyseal cartilage of the 
fifth metatarsi (Fig 8-133) This may persist 
throughout life as a separate ossicle, usually it fdses 
with the shaft after a few years and completely disap- 
pears In the case of fiyury to the foot It should not be 
mistaken for a fracture fragment or an example of 
osteochondrosis luvemlis (Figs 6 134 and 6 l35X 
Fusion of two of (he metatarsals at their bases may 
occasionally be demonstrated roentgenographically 
when there are no clinical signs of metatarsal dys 
function !n some cases the os metatarseum may be 
the cause of hallux valgus Bipartite sesamoids are 
not uncommon and the fissure between the parts 
should not be mistaken for fracture of the sesamoid 
(Fig 8 136) The facmg edges of the bipartite S 0 sa 
molds are often irregular, and in case of Injury in this 
region the radiologist cannot differentiate develo;^ 


Fig 8 t3A (left) -ttotmal healthy Ifteguiaf ossif*C8Hori m the 
secondary epiphyseal ossification center (arrows) at the base ol 
thelitth toe ol a boy lOVj years of age who had infured the other 
foot two years before A, the injured foot with a single evenly 
osartvel wntscatswi cerAer B, asymgtaroal!* toot wth multiple 
healthy small ossification centers in the epiphyseal cartlage at 
the base ol the proximal phalanx of the fifth toe (arrows) 

Fig 8 135 (right) -The fourth (left) and the fifth (right) right 


metatarsals in lateral oblique projection The scale apophyseal 
ossification center at the proximal end of the fifth metatarsal Is 
developing from several small ossitical on centers which could 
be mistaken for a cluster ol fracture fragments in the case of re- 
gional Uaumahc injury The arrow on the fourth metatarsal is Ci 
reded at a small notch on its lateral cortical wall This healthy 
boy was IZyears of age 
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great toe ol an asymptomat c girl 13 years of age Ths norm^ 
devtlopmental variant should not be miataWen lor fracture ol the 
sesamoid (n the ease of local njury The compan oi» sesamo q 
superimposed on the shall of the I rst metatarsal appears as an 
opaque circular mass wh eh la t'ot f ssured 


mental bipartism from fracture (Fig 8-137) The 
number and sites of the pedal sesamolds are shown m 
Figure 8 162 In the two feet the number size and 
pattern of the sesamoid bones are frequentir differ 
ent 
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Fig 8 137 (right) -Biparl ta sesamo d super mposed on the 
a stal end ol the f rst metatarsal of an asymptomat c boy 13 years 
of age The lac ng edges of the two parts of the sesamoid are Ir 
regular and are h ghly suggest ve of fracture w Ih d street on but 
the parts had never been Injured and there were no local s gns or 
dsabtty 

Venning P III Cone-shaped epiphyses of the prownalpha 
langes Am J Phys AnthropoL 19 131 1961 

Tartal bonet are arranged in two rows the proxl 
Rial row is made up of tbe calcaneus and talus and 
(be distal row consists of the cuboid and (he three 
cuneiforms Tbe navicular is interposed between the 
talus and tbe cuneiforms but on the lateral side of 
the foot the calcaneus comes into direct contact with 
(he cuboid There are a number of variants of the tai 
sal bones which are impoitant in roentgen diagnosis 
such as normal roughening of the edges normal ir 
regularities tn density during early phases of ossifica 
tion and in the apophysis of the calcaneus normal 
sclerosis during all phases of its development 
The calcaneus is the largest of the tarsal bones and 
has several normal features which need careful 
roentgen consideration. After the first months of life 
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Fig S 139 —The epophyseal secondary center in 45 degree the calcaneus as a separate sma I ossicle In B In an asympto* 

everson In A in an asymptomat eg rl 10 years of age thecerrter mat c boy IS years of age the oss cie Is fus ng w th the edge of 

ts located well away from the poste olateral edge of the body of the body of the calcaneus 


the postenor edge is rough The apophysis is often neus is viewed in lateral oblique projections the nor 

normally fragmented from its earbesc phases and is mal fissures in the apophysis are superimposed on the 

characteristically sclerotic during its entire develop- dorsal end of the calcaneal body and may simulate 

mental phase (Figs 8 138 to 8-140) When the calca mulople fracture lines (Fig 8-141) It 1$ obvious that 


Fig a-140 -Normal roentgen features of the growng calca physeal center n a boy fOyearsot age the normal dorsal marg n 

neus and ts apephys s n asymptomat e ch Id en A rregviar of the calcaneal mass is deep y jagged C normally selarot e 

dorsal marg n n a boy 3 years of age before the appearance et apophyseal center In a g rl 10 years of age the ma g ns of the 

the apophyseal osa f eat on center B irregular but sderot e apo- ca caneal body and of its apophys s are relatively smooth 
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fiff. B 14S -Calcaneus secunaa us in the Iroehea process nyerso™(8» nvsble nfull late al Wort ontal pro ■ 
T the lateral wall vs Die n 45 degree external rotaloo wth 
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Fig &>144 -SmaM round smooth calcaneat secundarius (of 
row) in the center of the space between the calcaneus cuboid 
scaphoid and talus lateral oblique projection The patient was an 
asymptomatic boy 12 years of age The posterior arrow points to a 
center in the apophysis S milar ossicles were present in the 
other foot 

the roentgen diagnosis of disease of the apoph>sis on 
the basis of iiregulanty in density, rougherung of its 
edges or sclerosis is always uncertain because these 
features are all present ui the healthy apophysis In 
the case of painful heel the diagnosis of sclerotic 
apophysitis is an irrational one because the normal 
calcaneal apophysis is always sclerotic 
Occasionally the body of the calcaneus may ossify 
{nm two independent centers rather than the usual 
single center, the stnp of cartilage between these tuo 
ossification centers just prior to their fusion may sug 


gest fracture (Fig 8-142) We have seen this variant 
In normal infants gargoyles and mongoloids. A sec 
ondary ossification center in the dp of the trochlear 
process on the lateral wall of the calcaneus may sug 
gest a chip fracture when the foot is projected in 45 
degree external rotadon ivlth inversion (Fig 8-143) 
The trochlear process falls to deielop in some chil 
dren but it may be so large m others that it suggests 
an exostosis 

The calcaneus secondanus bes in the center of the 
s pace 'between the calcaneu s talus . ctiboid ~ and 
scaphoid (Fig 8-144) It varies greatly in sire and 
form from circular, triangular and rectangulai’ At 
times It may form a part of a bndge between the cal 
caneus and scaphoid (calcaneoscaphoid coalitioiO or 
between the calcaneus and the cuboid (calcaneo- 
cuboid coaliuon) It is rarely visible radiographically 
before the I2th year \\ e have seen a deep notch lii the 
caudal edge of the calcaneus and a large sharply de 
fined defect in the base of the sustentaculum tah in 
healthy children (Figs 8-145 and 6-146) 

In full lateral projecdon of the foot a pseudocystlc 
radiolucent circle or mangle (Figs 8 147 and 8-148) 
is visible in approximately 10% of children older fhan 
7 years This radiolucent image is cast by a noiTnal 
defiaency of spongy bone at this site 

The mcreased ivorylike density of the apophyseal 
center which is often used mistakenly as a sigh of 
apophysius when the heel of a child is painful was 
found to be a normal feature of the calcaneus in both 
heels of all healthy children (Ross and Caffey) 


Fig 8 145 (above) — In th s lateral oblique project on 
of the left foot the caudal edge of the calcaneus is 
deeply notched near an Independent ossif cat on center 
In the apophysis The apcphys s at the proximal end of 
the fifth metatarsal Is made up of two large ossit cation 
centers The pat enl was an asymptomat c g rf 14 years 
of age 

Fig 8 146 (below) -A large sharply def ned oval 
detect 8t the base ot the sustentaculum tali ot a healthy 
boy 14 years of age The nature ot the defect was not 
determined We suspected a large foramen for the 
nutrient artery or one of its branches 
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Fig B 147 (l«n] —Normal pseudoeyst c circle or triang einthe 
calcaneus of a healthy boy lOyearsof age The segmental rad o 
lucency Is due to local normal del e ency of spongy borte 
Fig 6 148 (right) —Small sharply del ned pseudocyst c rad o 


lucency n the body of the ca caneus of a healthy boy 8 years of 
age Th $ image may represent a large eetop c nutnent canal or 
local defect n the spong osa 


cation began in the apophyseal center between the 
ages of 4 and 6 years in healthy girls and 4 and 9 
years In healthy boys Roughness of the edges espe- 
cially the dorsal edges and fissuradon of the mam 
mass were common features in healthy children of 
both sexes In the study of Sbopfner and Com ibe 
normal sclerotic density of the apophysis diminished 
with non use and absence of weight beanng due to 
fracture immobilization or neuromuscular disease 
The appearance time and growth of the apophyseal 
center were delayed by the absence of weight bear 
ing 

In longitudinal radiologic studies of normal chil 
dren Harding found that a secondary center m the 
calcaneal apophysis developed consistently above the 
mam apophyseal (see Figs 9>13S and 9-139) This 
center is useful in the estimate of skeletal age be- 
cause It appears late after most of the centers have 
already appeared This secondary apophyseal center 
rarely appeared before age 10 in girls and age 11m 
boys and usually between 10 /j and 12 years in girls 
and between UVj and 13V* years in boys After Its 
appearance it quickly fuses with the mam apophyseal 
center which has already fused with the body of the 
calcaneus 
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The talus has but one common variation of cluijcal 
importance an accessory ossicle the os tngonimi 
(Fig 8-149) often develops m the postenor process 


This separate center may later fuse with the mam 
mass of the talus or persist throughout life as an inde- 
pendent ossicle In obbque projecnons the os tngo- 
num may be superimposed on the body of the talus and 
simulate a sequestrum (Fig 6-150) Os suprataJare on 
the crest of the nose of the talus can be mistaken for 
a chip fracture (Fig 6-151) In some cases the rough 
ness of ibe edge of the ossicle and the deformity of 
the underlying edge of the talus suggest that stress 
may be an imponant factor in the generation of the 
os supratalare (Fig 6-152) Inoihers especiallypread 

Fig 8 149 -No mal apophyseal OSS 1 cal on canter (arrow) in 
the dorsal process of tha ta us in a healthy boy 11 years of age 
The rad oluceni si p between me body of the ta us and tha osa 
f cat on eenier s a no mal synehond os s not a 1 aetu e I ne 
When the synehond os s pers sts alter the normal age for t$ tu 
s on w tn the body of me talus the pe s s ent oss f eat on center 
IS called the os tngonum 




BoTies-ylTzatomtc Variations / 923 



Rg 8 150 -A, normal os tngonum (arrow) ir> full lateral 
projection B normal os tngonum (arrow) in oblique projection 
and superimposed on the mam mass of the talus This patient 7 
years of age had local swelling redness and heat of this ankle 
with fever and a h gh erythrocyte sed mentation rale At another 
hospital the image in oblique project on was interpreted by a 



bofte special st to represent a sequestrum of destructive osteo- 
myelit s and exploratory dra nage and excision advised This plan 
was canceled when the interpretat on of normal os tngonum In 
oblique project on was made in consultation Two days later the 
heart dilated and a d astol c murmur appeared which ind caled 
the d agnosis of rheumat c arthnt s and rheumal c card t s 


Fig 8151 -Os supratalareonihe dorsal edge of Ihetalusiustproximal to thataloscaphodjoint A at 13 
years and B, at 16 years in an asymptomatic girl 


6 ' 
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thickenings of the underlying edge of the talus n an asympto- 
matic girl 15 years of age We bel eve that many of these small 
bony changes in the feet are due to stress from imbalanced ieet 
rather than simple dysplas a 


Ftp 8 1S3/ripht) —Large supranavicular bona which seems (o 
be part ally fused w Ih the ma n mass of the nav cular itself This 
appears to be an accessory oss f cal on center m the per phery of 
the nav cutar carl lage s m lar changes were present In the other 
tool Thisasymptomat c boy was 8 years of age 
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Fig 8 154 —Double oss f cat on centers for the talus bones of 
a boy 7 years of age who had always had weak feel The lode- 
pendent centers lor the talus heads are flattened fong tud naliy 

olescem children the os supranaviculare m the pe 
riphery of the navicular cartilage is incompletely 
fused (Fig 8 153) hut may fuse Uter If this center 
does not fuse later It becomes an os supranaviculare 
We have seen one example of bilateral separate osst 
ficatlon centers for the heads of the talus bones (Fig 
8 154) In a boy 7 years of age who had badly bal 
anced feet The heads of the talus bones were flat 
tened and the edges were mushroomed beyond the 
contiguous bone and were overlarge in comparison to 


F — — 1 


1 



and spread t ansversely well beyond the r usual I m ts These var 
lat ons may be due to the abno mal stresses In these poorly ba 
anced feet 

the contiguous naviculars It Is possible that these 
were stress defoimines in addition to the presence of 
separate ossification centers Factitious roughing of 
the superior edge of the talus may be caused by its 
superimposltlon on the cartilage plate and the edge of 
the provisional zone of calcification of the epiphyseal 
ossification center of fibula in lateral projection (Fig 
8 155} 

REFERENCE 


Fig 8 1SS —Fact t ous roughen ng of the super or edge of the 
talus (lower arrows) of s healthy boy 12 years of age due to su 
per rrpos t on of the prov e onai zone of calc I eat on of the t bu 
far OSS f eat on center m faieral project on The upper errow 
po nts to a segment of the rad olucent cart lage prate of the t b a 
wh eh could be m slaken for a fracture I he 



CoitUeb C and Berenbeum S L Fine a bone accessory 
ossicle on the dorsum of ibe attragalus-often bilateral 
Radiology 5S 423 1950 

The forsol navtcular exhibits several important 
and frequent vanauons which are of great clinical 
interest The pnmary ossification center appears dur 
ing the 2nd year it is during this early phase that ir 
regularnuneralizatlon IS the rule (Fig 8-156) and the 
normal irregularity in some cases persists for months 
and even years in children who are free from symp- 
toms It is not uncommon for mineralization to be 
regular in one tarsal navicular and irregular m its fel 
low in the other foot 

The os ttbiale externum is the best known and one 
of the most important variants m the foot it hes be- 
hind and above the tuberosity of the navicular m the 
tendon of the postenor tibial muscle This ossicle is a 
true sesamoid m a tendon it begms as a nodule of 
cartilage which later ossifies and becomes visible ra 
diOgraphically in 10-15% of all children (Fig 8-157) 
Ills usually bilateral and may be bifid After the 10th 
year of life the os nbiale externum may grow out of 
the postenor tibial tendon m large part and coalesce 
with the contiguous navicular to lose its sesamoid 
status The fibrochondroid anlage of the ossicle may 
never ossify to become vtsiWe radiographicallj' The 
navicular tuberosity and the os nblale externum often 
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become swollen and painful m flat feet especially 
during puberty when growth is rapid Swelling of the 
tuberosity and of the os tibiale externum may hft the 
tendon of the posterior tibial muscle from its insertion 
on the medial side of the navicular 
Occasionally a small mass of bone is found free m 
the soft tissues dorsad to the superior edge of the na 
vicular the os svpranavieulare (Fig 8-153 A) It is 
possible that some of these independent ossicles are 
fragments of stress fractures rather than purely de- 
velopmental anomalies a longitudinal radiolucent 
strip m the navicular itself may simulate a fracture 
line (Fig 8-lSS B) The mfranavicular bone which 
develops dorsad to the navicular cuneiform joint is 
usually smaller than the os supranaviculaie 
The cuboid during the earliest phases of ns ossifi 
cation in the last fetal and the first postnatal months 
is often composed of multiple fine ossification centers 
(Fig 8-159) which later slowly fuse to form a single 


bony mass This irregularity in ossification and density 
has no known clinical significance and should not be 
interpreted roentgenographically as evidence of dis- 
ease ui the case of injury or Infection of the foot In a 
study of newly bom Indian (Asian) infants Bhargava 
and Garg found that centers for the cuboid were visi 
ble m approximately one-half of 160 males and 140 
females Some of these cuboids bad two three and 
fourossificanon centers usually bilaterally symmetri 
cal Their study indicates that the cuboids in Indian 
infants at birth are more mature than in white in 
fants approximating the more mature cuboids of the 
American Negro (Christie) In the more mature cu 
bold bone the ridge for the insertion of the long plan 
tar ligament and the groove for the tendon of the per 
oneus longus muscle should not be mistaken for trau 
made unpacDon and deformity (Fig 6-160) 

The three cuneiforms begin to ossify between the 
1st and the 5th year one or all of them occasionally 


Fig 8 157 —Os 1 6 ale externum nanasympioma c boy 11 yearsol age A, frontal and B lateral project ons. 




Fig 8 160 -Lateral obi gue project on of the rghtloot 
of art asymptomat c g rl IS years of age The upper arrow 
3 d rected at a rad olucerrt st p cast by the cart lage 
between the prox mai end of the second metatarsal and 
the d stal edge of the m ddle cune form The lower enow 
po rtts to a r dge for the attachment of the long planta 
I gamertt d stal to wh ch f«s the groow to the temfon of 
the peroneus longus muscle The rad olucent str p to the 
left has been m staken to a fractu e I ne and the r dge to 
the rght n the cubo d for an mpacted fractu e 
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Rg 8 161 —B lateral irregular density of the medial cuneitorrn 
bones of an asymptomatic boy S years of age The distal ertds Pt 
the shafts of the first metatarsals are also irregularly ossil ed in a 
fashion which suggest incompletely fused accessory ep^hyseal 
ossification centers Irregular m neralization of this kind is $o 
common in asymptomat c children that one can conclude mat 
the irregularities are healthy developmental variants rather than 
abnormal necroses (osteochondrosis juvenifis) They 0 sappea' 
without treatment 

may show rough edges (Fig 8 161) in children »vho 
are healthy and have no cUmcai evidence of local di$ 
ease in the feet 

The common accessory ossicles of the feet are do- 



Fig 8 163 -Drawing of the anomalous os ialocalcaneum 
(From H rscht k ) 


picted schemaocaUy in Figure 8-162 With advancing 
age (he) may fuse with the main mass of their re- 
spective bones or persist throughout life as individual 
ossicles They should not be mistaken for fracture 
fragments 

Hirschok found a large anomalous bone which ar> 


Rg 8 182 -Normal supernumerarv ossicles of me feet A. ve$a anym B os imermefalarseum 9 accessory navicular 10 

ventrodorsal and B, lateral projections J os iibiaieexiemom 2 talus accessonus li os sustentaculum 12 os trigonum 13 

processus uncinatus 3 os intereuneiforme 4 pars perotwa ^a eanews secondanus 
metatarsalia I S euboidaum secundanum 6 oeperoneum T os 
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ticulated with the talus above and the calcaneus be> 
low (Fig 8-163} for which he suggested the name os 
talocalcaneus This is probably an example of incom 
plete talocalcaneal coalition The multiple accessory 
ossicles on the medial side of the Arst cuneiform 
which were described by Zimmer proved to be sesa 
molds in the tendon of the tibialis anucus The reader 
should consult the paper of O RahiUy foe a compre- 
hensive descnpQon of the rarer tarsal anomalies 
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Distal ends of tibia and fibula —The medial 
edges of the Achilles tendons are often visible in fron 
tal projections of the ankles They appear as longitu 
dinal stnps of water density which are concave me- 
diad They cross the tibial cartilaginous plate and the 
camlage space between the tibia and the talus to fuse 
with the calcaneal bones (Fig 8 164) Separate acces- 
sory ossification centers are common in the cartilages 
of the medial malleolus of the tibiag and less common 
In the lateral malleolus of the fibulas (Figs 8 165 to 
8-167) In a study of 100 healthy children aged 6 12 
years Powell found that 20% had independent ossifl 
cation centers m the medial malleoli of the tibias 
bilateral centers were present in 13% In contrast 
separate epiphyseal centers were found at the distal 


ends of the fibulas in tbeir lateral malleoh in but 1% 
(Fig 8 168) Selby found in the internal malleoli of 
the Qbias extra centers in 47% of girls and 17% of 
boys Biiateral centers occurred m 90% of girls and 
20% of boys Tlie average age of time of appearance 
was 7 6 years in girls and 8 7 years in boys In all ehil 
dien the extra centers bad fused with the mam mass 
of the Qbial epiphyseal center by the 12th year These 
physiologic vanants should not be confused with 
fracture fragments the ossicles may be unilateral or 
bilateral The lateral surface of the Qbial shaft is reg 

Fig 8 les Saps sis OSS cat on cents n the meo at me eo- 
tus o> tbe d s si 1 b a ep phyfea cart lage of an asympiomat e 
9 1 9 years of age The e was an ana ogous oss e e n the othe 
loot Tti s OSS c e must rot be m staken tor a f actu a f agment 
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Hg B 173 (l<n) -False long tuo nai fracture of me 0 sta end 
of the t b a (arrows) caused by the Interference cnerwmerton of 
rays from two bod es wh eh neutral zed each other The patent 
was an asymptomat c g rl 14 years of age 

ularly grooved to form the fibular notch (Tig 8 169) 
for recepboa of the hbular shaft Sometimes the 
medial surface of the hbular shaft is cupped at the 
level which is in contact with the tibia. 

Factitious extra ossicles In the cartilage plate at the 
distal end of the Qbia are common in asymptomatic 
children (Figs 8-170 to 8 172) 

Fig 8 175 -A, extra oss de (n a notched marg nat recess n 
the lateral segment of ihe d stal f bular metaphys s n an asymp 
fomat c boy 9 years of age S rtt far changes were present n rtie 
right t bula. In case of Injury th s t ttle var ant oss cle must not be 
m staken for a fracture fragment or osteochondros s d sseeans 
B, s m lar oss cle w th notch n an asymptomat c boy 10 years oi 
age 




fig 8 174 (right) -Tunnels (arrow) through the med al cert cal 
waicf Ihetbalorthepertorai ng per osteal vessels which slmu 
late cod cal fractures Th $ asymptomat e bey was 14 years of 
age The nature ol the tunnels was not proved anatom eally 

One should be familiar with the interference phe- 
nomenon of hght rays and x rays when the rays fram 
two contiguous bodies meet and tend to neutralize 
each other (Fig 8-173). Occasionally the tunnels 
through the cortex which carry the perforating perios- 
teal artenes are visible (Fig 8-174) and simulate fine 
cortical fractures 

The provisional zone of calcification in the distal 
fibular metaphysis may be notched shaftward and a 

Fig 8 178 -Accessory oss Cle in the d sUi metaphys s ol the 
f bula ri an asymptomat c boy 13 years of age In Ih s older boy 
Ihe oss cfe s larger and is already fus ng w in ep physeal oss f 
cat on center and not w th the shah. 
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Fig 8 177 -T nyf bula osscle rwsble nirontal 
pro eel on (A) but c ea ly v s b e In late at ob que 
pro eel on (8) Tb s asymptomat e boy was 15 years of 






tiny extra ossicle may develop m the notch (Figs 8 
175 and 8-176) this vanant should not be confused 
with fracture or osteochondrosis dissecans We have 
seen this vanant ossicle in its indentation in the shaft 
in a variety of patterns (Figs 6 177 to 8 181) Some- 
times in lateral projection of the ankle the radiolu 
cent cartilage plate of the fibula supenmposed on the 
tibial ossification center suggests a fracture (Fig 8 
182) This notching is usually bilateral In older chU 
dren aged 14 16 years an extra ossicle may appear 
lateral to the lateral end of the fibular cartilage-shafi 


^ Fig B 1 TB —The f bular metaphyseal oss cle wh ch 
^pea s Id be s ngle in frontal project on (A) but $ seen to 
be composeo of a eluste of sma I oss f eat on cente s n 
, late at ob qua project on (B) Th s asymptomat c boy was 
i 14 years of age 

'■1 


Junction (Fig 8 163) ThemaUeoIar fossa in the medi 
al face of the fibular ossification center resembles a 
patch of desmicoon when viewed in obbque projec 
tionCHg e 164) 

The distal third of the tibial shaft is a common site 
of benign cortical defects (Fig 6 IBS) 

Proximal znps of tibia and fibula -Intfaeproxi 
mal segment of the lateral wall of the tibia visualize 
tion of (he anterior tibial crest displaced latetad ow 
mg to slight external rotation of the ubial shaft 
should not be misconstrued as abnonnal localized 






F/g 8 182 —Ttie rad{0>ucent cartilage plate ol the fibula Is 
super mposed on thet bia (arrenrs) simulating a short transverse 
f aciure I ne in lateral project on This asymptomatic boy was 13 
years of age At the ventral end of the tibial shaft a rounded bony 
protruson appears to suggest a tenon of the mortise wth the 
recessed cup of the mortise on the edge of the ossification cen 
ter This IS the converse of the mortise deforrnities m Figures 8- 
170 105-172 


Fig 8-181 —Fibular ossicle associated with accessory cen e 
in the tip of the lateral malleolus of an asymptomat c g n i2 yea s 
of age 


Fig 8 183 -independeni oss i cat or» eeme r« the cart lage on 
the $ de of the distal end ol the eti t b ai strati wh eh apparently 
w II fuse with the fibular shah d reciiy and not with the ep phy 
seal OSS fication center m an asymptomat e boy f 5 years of age 
A 8 m lar ossicle was present m the sarr* pos t on on the tight 
fibula 




933 



934 / SECTION 8 The Extremities 


FI 9 8 185 -Multiloculaled benign cortcal delect 
In the distal end of the left tibiat shaft (not proved 
inicroscop eally) A frontal and B lateral protections 
The patient was a boy 15 years of age 


cortical thickening (Fig 8 186) The cortical defect on 
the postenor aspect of the shaft near the junction of 
the upper and middle thirds represents the nutneni 
canal (see Fig 8 S3 p 875) The snout tike nbial tu 
berosity which projects from the anterior surface of 
the proximal epiphysis and hangs down in front of 
the shaft is an extremely vanable structure which 
ossifies irregularly (Figs 8 187 and 8-188) A separate 


ossicle usually appears in the distal end of the process 
to fuse with the process and form the tibial tubercle 
Not infrequently a deep notch m the shaft below and 
behind the tip of the process is responsible in frontal 
projections for a narrow stnp of diminished density 
(Fig 8 189) located a few centimeters below its proxi 
mal end. The remarkable variability in the size shape 
and texture of the tibial tuberosity and tubercle in 


Fig B 186 —Spurious thickening of the lateral cortical wait of siveiy micii^ as exlamal rotation is increased The thickening is 

the tibia of a boy 10 yean old Oua to external rout on of the leg due to the fact that tha anterior tibal crest comes progress vely 

A, full frontal project on the lateral and medial cortical wails are more Into prof le on the lateral edge of the shaft as the t bia la 

approximately equal in thickness B end C, tOand 1 S degrees of rotated externally Ths phenomenon cannot be demonstrated 

rotation respectively the lateral cortical wall becomes progies roentgenograph caily dur ng the first years of life 
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FI9 8 188 -itte^uiar OSS tication ot ihe anterior tibisi procesi 

of an asympiomat c gi'i 12 years o> age 5 miiar changes were 
present m the other anterior I bial process There Is no avuls'on 
of the pseuOofracture fragments or ihicVenmg of the patellar 
tenoon as >s usually the case m Osgood Schlatter disease 
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Fig 8 190 -Asympiamal ceortealdtieet nlheposiefOmedalaspectofttielbacfalieaithyboySyBa sof 
age A fronui and B laie'ai pfot^ct ons 


diiTercnt persons and in the same person on the two 
sides warrants considerable reservation before a diag 
nosls of fracture or osteochondrosis juvemtis tibialis 
(Osgood Schlatter disease) is made Local tenderness 
and swelling of the soft tissues in front of the tuber 
cle and the lifting of the process ontenoriy away from 
the shaft are helpful cbnical and roentgen features 
pointing to injury The margins of the proximal tibial 
ossification center are usually smooth but in younger 
children the lateral and medial aspects may show 
characteristic physiologic marginal Irregularities in 
health 

Large numbers of healthy asymptomatic children 
show cystbke shadows in the nbias fibulas and the 
femurs when the shadow Is projected en face but 
when the same shadow is seen m profile the ana 
tomic change responsible for the shadow is seen to be 
a superficial cortical defect (Figs 8 190 and 8-191) 


In our experience these shadows never appear during 
the first two years and they tend to disappear during 
late childhood Rarely similar shadows are found m 
(he distal ends of the tibias and fibulas The cystlike 
shadow may be uiulocuUr or multilocular usually its 
edges are sclerotic and sharply defined The cause and 
(he pathogenesis of the tissue changes responsible for 
the conical defect are not well known because there 
have been few opportuniues to study them clinically 
or anatomically Some biopsies have shown that the 
corocal defect is filled with fibrous tissue in one of 
our paoents a painful cortical defect was filled with 
cartilage Ordinarily (he demonstration roentgeno- 
graphically of these comcal defects has no clinical sig 
mficance and one should be careful not to nuscon 
strue them as sites of mflaminatory or neoplastic de 
stiuction There is no known corretanon of these 
shadows and the disorders of skeletal growth 
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/ SECTION 8 The Extremities 



Fig 1 194 — Asymetomafic transitory exostosi* at the med al 
end ot the proximal tiblal metaphyssol a healthy boy 6 year* oi 
age Srnalt bony spines lika this one may appear at ihs site n 
healthy children dur ng the 5th and 6th years of i le produce no 
el meal s gns and disappear alter three to four years 


Occasionally small shadows of increased density 
are found in the tlbial shafts of asymptomatic pubes- 
cent girls (Figs 8 192 and 8 193) They are cast by 
locoLzed internal thickenings of the cortex and the 
penpheral spongiosa, they do not represent focaJ ac 
cumulatloni of the spongiosa far out and free in the 
medullary cavity Then clinical significance is not 
known, they may represent physlofogle sclerosis of 
the cortex or may be residuals of local cortical disease 
which passed unrecognized chnically during the ac> 
live phase We have not had the opportunity to make 
longnudinal studies on any of these patients so are 
not familiar with the progressive changes and the ul 
timate outcome During the last half of childhood a 
small bony spine may appear at the medial end of the 
proximal tibial metaphysis (Fig 8 194) persist for 
two three ox four years and then disappear sponta 
neously without having produced cluUcal signs of any 
kind 

We have seen several examples of unexplained ra 



Rg 8 19S —Unexplained metaphyseal defect (arrow) in the 
left bb a of an asymptomat c boy 6 years of age A sim lar defect 
was present at the same s le at age 12 and the bones had failed 
to grow longitud naiiy m the affected segment at the medial end 
of ihe rnet^hys s This rad olucent delect probab y represents 
segmental la litre of resorpt on of unealcif ed cart lage from the 
can lege plate We believe that the causal mechan sm is local 
oligemia of the metaphyseal arteries on the metaphyseal side of 
the cartilage plate 


diolucent defects in the medial segments of the nbial 
metaphyses (Fig 8 195) The tenon of the mortise 
between the shaft and the epiphyseal ossificabon 
center at the proximal end of the tibia produces a 
false fracture fragment (Fig 8 198) much as it does 
at the distal end of the tibia. Small amounts of intra 
articular gas m the knee joints supenmposed on the 
margin of the epiphyseal ossification center may cast 
a transverse radiolucent stnp that simulates a frac 
ture line (Fig 8 197) 

The intercondylar eminence Is usually bifid with 
medial and lateral tubercles (spines) which vary con 
siderably in size and shape this causes no intetfer 
ence m joint function Occasionally the intercondylar 
einmence is tnpainie with three instead of two tuber 
cles or spines The base of the eminence sometimes 
presents sharply defined segments of rarefaction (Fig 


Fig B 196 - False fracture fragment (arrows) in the proximo 
end of the tibia caused by supenmposifion of the rad olucent 
strips of the cart lage plate on the tenon of a mortise svhich pro- 


jects from the melaphys s into a cup at the base of the ep physeal 
OSS f cation center A, frontal and B, lateral project ons Ths 
asymptomatic g rt was B years ot age 
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Hg 8 198 -Discrets rarafaction of ti^e lal«>a) ' 
spina in an asymptomatic boy 16 yaara of aga 



Fig 8 199 -Fabella the normal sesamoifl m tna lateral ’••aO 
of the gastrocnemius muscle of a healthy boy IS years o 
This usually appears during aaolescence is inconstani r-mf 
should not be confused with cyamella in the tendon of the prt? ' 
teus muscle or with a fracture fragment or an opaque for® 9” 
body 



■’ }9tM It is said that the medial apmes are larger 
when osteochondrosis dissecans is present in the 
I lediol condyle 

Fabella —This is an Inconstant sesamoid bone in 
the lateral head of the gastzocnemias muscle ivhich 
IS visible m the lateral projections of the knee of ado> 
lescent children The fabella is common in Negroes 
and IS moTO common in males than females in the 
raUo of about 4 1 In frontal projections the fabella is 
not clearly visualized because It is obscured by the 
heasier shaft of the femur on which it is superim 
posed In lateral projections it appears as a smali oval 
shadow of calcium density in the soft tissues behind 
the knee joint (Fig 8-199> The fabella should not be 
mistaken for a free body in the joint a fracture frag 
ment, a phlebolu^ or a forelgn^body We’ have seen 
two examples of a small ossicle embedded in the edge 
of the lateral condyle of the femur (Figs S-200 and 8> 
20l) which could ^ mistaken for a fabella. Howes er. 
It is lower in position and its location partially buried 
in the edge of the lateral cond) le of the femur makes 
Its identlficauon as the cyamella cenaln. According to 
Kaplan this rare sesamoid has been encountered in 
dissections of the human knee It is probably related 
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Fig 6 201 -Cyamc la ««safTio d n tn» pop teal tendon n the 
popl teal groove of the lateral femoral condyle of an asymptomal c 
boy 12 years of age 



developmentally to the femoroflbular disk of four 
footed animals and is located In the tendon of the 
popliteiis (Haines) So far as we have been able to 
discover this rare ossicle has not been demonstrated 
before In radiographs of human bones 
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Patella -The patella is the large sesamoid bone 
on the antcnor aspect of the knee joint m the tendon 


of the quadnceps muscle It is best seen in lateral 
projecboDS Ossification normally develops from sev 
era] small foci the healthy patella is often granular 
and the edges may be Irregular during childhood 
(Ftgs 8-202 and 8-203) Owing to the physiologic ir 
regularity of mineralization the diagnosis of osteo- 
chondrosis of the patella on the basis of granular os 
teoporosis should be made with caubon Following 
fusion of the granular centers m the lower half of the 
patella a second irregular center of ossiiicabon may 
develop latCT in the superior half of the bone The 
strip of radiolucent carbiage between the upper and 
lower ossification centers casts a shadow of dimin 
ished density which might be mistaken for a fracture 
Ime 

The patella is displaced cephalad during the pro- 
gressive shortemng due to fibrosis of the vastus inter 
medius muscle and also when the patellar tendon is 
shortened following injury 
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Rg % 241.— Ho!malvaf»<v©n&4niie shijie a«i tfws’tj ot We th« viwoor tti f4 ol lha patella of a boy ftyaafa of aga £,aH>all 
patella at d Iferent ages in healthy ch Idren A. smalt megular separate ossicle at the inferior pole of the patella of a iMy I f 

patella of a boy 5 years of age B, mult pie irregular centers in a years of age F, seaielike marginal ossicle on the anterior edge of 

girt 6 years of age C, genersli 2 ed granular texture wlh partial the patella of a g rl 9 years of age 
segmentation in a girl S years of age D irregularity in density of 
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Fig 8 205 — LeR knee o> an asymptomat e g rl A trontat and v s bta near (he upper pole and on the dorsal edge of the patella. 
B lateral project ons In both project ons a rad Lucent defect is 


In one of our patients an asymptomatic boy 12 
years of age an extra center appeared on the dorsal 
edge of the left patella which resembled osteochon 
drosis dissecans (Fig 8 204) The fossas on the dorsal 
edge of the patella develop at various cephalocaudal 
levels and they may be empty of bony centers (Fig 8 
20S) or filled with one or more accessory centers (Fig 
8-206) 
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Femur. —The ossification center in the distal epiph 
ysis mcreases in size and extends laterally rapidly 
during the 2nd to the 6th year During this interval of 
rapid growth the lateral and medial margins are 
commonly irregular and ragged (Pjg 8'207X In later 
al projection normal femoral ossification centers may 
present a rough fnngebke margin (Fig 8-208 A) We 
found an accessory ossification center at the proidmal 
ventral supenor angle of the greater femoral condyle 
of an asymptomatic boy (Fig 6-208 8) In older chil 
dreo marginal mineralization of the femoral con 
dyles IS charactensticalJy uneven and Is often associ 
ated with independent ossification centers beyond the 
edge of the main mass of the bone (Fig 8-209) These 
irregularities are located on the dorsal and caudal 
walls of the condyles and are best seen in lateral and 

tunnel projections when they may be only faintly 
visible ID standard frontal projections These normal 
marginal roughenings of the dorsal walls of the con- 
dyles and their mdependent marginal ossicles have 
been mistaken for osteochondritis dissecans and su 
perfluous surgical treatments instituted Our studies 
indicate that conspicuous Irregularities of this kind 
occur in approximately 30^ of all healthy children 
when the knees are examined in tunnel and lateral 
projections Similar but less marked changes are of 
ten simultaneously present in the edges of the proxi 
mal tibial epiphysis These Irregularities should be 
recognized as normal anatomic features and not mis- 
construed to be the result of rickets trauma or Infec 
tion The pattern and distribution of these extra nor- 
mal independent ossification centers In (he distal 
femoral epiphyseal cartilage is shown schematically 
in Figure 8-210 

During late childhood when the iniercondylarfossa 
becomes deeper lateral projection of the distal femor 
al epiphysis shows (he anterior segment to be more 
radiolucent than the remainder of It (Fig 8 211) Its 
posterior segment is more opaque because posteriorly 
the intercondylar fossa Is deeper than it is anteriorly 
and for this reason with the femur in lateral projec 
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Fig 6 208 - A, literal proiection ef me left kneeof enaeymp 
tomatic boy 3 It years of age The femoral eontfyte has a rougn 
fringeliKe edge due to part al fusion wim several marginal acees 
sery oss fieation centers In me eont guous epiphyseal cartilage 
S milar mtrg nal eanlan were present at bom ends of me cssib 


cation center n frontal projection B small triangular independ 
eni accessory oss fication center at me pros mal ventral edge of 
the greater condyle (arrow) of an asymptomatic boy 13 years of 
age Smaller scale accessory centers are also visible at tha van 
Irai edge lower pole cfmapateiia 




s gM 1 regular (arrswa) In both tunnel and late al project ona 
the e are deep marg nal rregola t es in the dorsal edges ol the 
left condyles independent marg nal oss f ca on centers can be seen 
n the cart lage well beyond the edge ol the ma n mass of the 
condyles 
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Fig 8 210 -A, sites of local extra ossification centers in the 
left a stal femoral epiphyseal cart lages of 291 eh Idren recorded 
on trac ngs of an adult femur B, tracing of the d stal ends of a 
child s femur superimposed on a tracing of the d stal end of an 



Fig 8 211 -Normal radioiueent anterior segment of the d stal 
femoral epiphyss of a girl 5 years of age as seen In taierat 
projection It is more radioiueent man the posterior segment 
teeause the rays traverse only two opaque walls me medial wail 
of the medial condyle and the lateral wall of the lateral condyle 


Poster orly where the intercondylar notch is deeper the rays 
traverse four opaque walls the lateral and med al walls ot both 
condyles 'Hie arrows point to an opaque seleret c band cast by 
the floor of the intercondylar notch A frontal and B, lateral 
proieciions 




Bones— Anatomic Vanations / 


947 




Fig e-213 -Normal rad olucer»t shadow ot the notr 
mer) of the d stal femoral ep phys s (arrows) orr the _ 

Of the ntercoodylar fossa A, poorly def ned foramen n s ooy 


years of age 8, sharply del ned foramen In a g rf 11 years of age 
C, tong transverse forameninag rt 10/» years ot age D EandF, 

photographs of nutrient foramens In adult femurs 
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tion the x rays must traverse four opaque walls the 
lateral and medial walls of each of the two condyles 
In the anterior segment where the Intercondylar fos- 
sa is shallow there are only two opaque walls to be 
traversed by the rays the lateral wall of the outer 
condyle and the medial wall of the inner condyle 
The popliteal groove is a normal marginal defect 
which appears on the posterolateral aspect of the out 
er condyle In the prepuberal period (Fig 8 212) This 
groove carries the tendon of the pophteus muscle it 
is never visible during Infancy or early childhood 
The nutrient foramen of the distal femoral epiphy 
sis has received little attention roentgenographically 
but It is often clearly visible in frontal projections of 
the distal femoral epiphysis In children older than 4 
years (Fig 8 213) It should not be mistaken for a de- 
structive lesion when there are local clinical signs of 
disease in or around the knee 
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common m boys as in girls Mature bones it is said 
do not show this irregularity 
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False fracture hnes may be supenmposed on the 
distal end of the femoral shaft due to supenmposiuon 
of the radiolucent cartilage plate at two different lev 
els (Fig 8 214) These marginal fusions of accessory 
ossification centers with the caudal edge of the fe- 
moral condyle may be invisible In standard frontal 
projections and clearly visible in tunnel projections 
(Fig 8 215) Rarely an accessory ossification center 
develops in the epiphyseal cartilage contiguous to the 
lateral edge of the epiphyseal ossification center (Fig 
8 216) Frequently small transitory exostoses appear 
and soon disappear on the medial cortical wall of the 
distal end of the femoral shaft (Figs 8 217 and 6 218) 

Cortical femoral fibrous defects sunilar m all re- 
spects to the defects already described in the tibias 
and fibulas are even more common m the distal meta 
physis of the femur Cortical defects have however 
not been found in the epiphyses Two defects may be 
present m one femur or single defects may be found 
m each of the femurs In rare instances the same 


flfarflinal irregularities of the medial cortical wall 
of the femur near Its distal end are common between 
10 and 15 years (Simon) Sometimes constriction at 
the same level and on the same side Is reduced In 
some cases these irregularities are the precursors of 
bemgn cortical defects The anomaly Is three times as 
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child may show multiple defects in the femurs tibias 
and fibulas The sue of the defects is vanabie some 
are only a few millimeters m diameter while others 
may be several centimeters 
When projected en face the defects cast a round or 
oval zadiolucent vacuolated cysUike shadow which is 
always shown to be a shallow superficial defect in the 
cortex when it is projected m profile These femoral 
lesions have not been seen m children younger than 
IB months and are usually best developed after the 
5th and 6th years They disappear during the later 
years of childhood or persist into adult life and are not 
uncommon in young adults During their earliest 
phase they are usually small and poorly defined also 
at this time they are usually located very near the end 
of the shaft and often extend to the primary zone of 
calcification either abuttmg or o>erlappmg it (Fig 8 
219X 


Early and viewed In profile the typical cortical de- 
fect IS a superficial radiolucent patch (Fig S-220). 
Cortical defects are exceedingly rare In the ventrjil 
cortical wall of the femurs (Tjg 8-221). Early the 
cortical defects begm consistently as an erosion on 
the external edge of the cortical wall (Fig 8 222) I 
ba%e never seen the initial erosion begin on the inner 
edge of the affected cortical wall Endochondral bone 
formation is apparently never disturbed in the pres- 
ence of these defects which points to their probable 
cortical rather than endochondral origin Older le- 
sions arc located deeperin the shaft are larger better 
defined are often muliilocular with fluted sclerotic 
borders (Fig 8-223) The difference in the full face 
and the profile projection is shown In Figure 8-224 
Formation of transverse Imes In the same metaphysfs 
IS apparently not especially affected by the presence 
of the corocal defect (Fig &22S) 
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Fig 8 219 0*R] - Small poorly 0afiri«d ooncai delect in the 
med al tegmeni of the femoral meuphyeis of a healthy boy 5 
yeara of age A small ban gn cort'cai dafaoi was also present m 
the medial cortical wall of the I b a 

Pig 8 220 (right) -Early superfelai ben gn con cai defect m 


the lateral con cal wall of the r ght femur of an asymptomat c boy 
to years of ige In all of our early examples of eon cal defects 
the ccnieal wait appears abraded from the outs de rather than 
Impirtged on and expanded from the ins de 
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Fig 8 222.- Benign cortical delect at 
small (A) and at 13 years (BJ when it w 
the cortical wall appears to be eroded 
outside probably from the periosteum 



age 6 years when it was 
as greatly enlarged In A 
and depressed from the 
rather than from over 


growth and pressure from w thm the medullary cavity In B the 
end of the shaft has extended caudad and the cortical defect is 
located more cephalad than it Is in A This patient was an asymp* 
lomalic boy 


Fig 8 223 -Large multilocular cortical delect at a reiatvely 
deep level in the shaft and well away from the ep physea cam 
■age of the femur of an asymptomatic boy il years of age The 
two proieel ons show that the defect is superficial and target/ 
confined to the cortex without involving the spongiosa This de- 
fect I es in the posteromedial arc of the compacta it is muinio- 


cular end the sclerotic fluted marg ns are well shown in both 
f ims O reciiy over the defect a th n layer of cortex bulges exier 
naily but general tubutatien of the Shaft is not d sturbed All ef 
these features suggest that the lesion onginafed from the cortex 
rather than from the growing cartilage A. frontal and B, lateral 
protect ons 






Fig 8 325 -Oval cortical defect in tne femur of an aaympio* 
mat c^9y 9 yeara of age aaaociatedMfn tranaye/ae i nee Mine 
spong eaa at the aame level of the shaft The underiy ng trans 
verse I nes are net deformed in the a te of the cortical defect 
because they represent linear scleroses In the spong osa which 
are unaffected by the overly ng conieaf lesion 



Fig 8 226 -Concurrent migrst on shaftward and opacifieaf on 
of a I tuai conical defect at A. 7 years B 9 years e, 9 years In 
the evoiui on oi these defects opac ficat on always beg ns in the 
segment fanhest from the ep physeal cart lage 



852 
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The course of these defects is highly vanaWe espe- 
cially in the femurs Most of them gradually shift 
away from the end of the shaft with advancing age 
and shrink in size until they become invisible Many 
during the same time gradually become opaque first 
in their shaftward segments and later in whole (Fig 
8-226) Others may persist m the exact site of their 
ongm at the end of the shaft for many years Othcre 
may completely disappear from year to year ^ib 
recurrences from year to year in the exact sice of their 
ongln (Fig S-227) Large defects may break up Into 
several smaller segments and then these segments 
may fluctuate m size and shape and in relative post 
tion This remarkable lability of cortical defects Is one 
of their most characteristic features one wWeb dif 


ferenuates them from all the known lesions of grow 
mg bones 

Occasionally the early superficial cortical defect is 
present In one bone and the older deeper defect In 
another bone at the same time (Fig 8-228) During 
healmg some defects migrate toward the end of the 
shaft and leave a sclerotic internal thickening of the 
cottical wall -a sclerotic trail of new bone formation 
along the trail of their migration (Fig 8-229X In their 
late phase of healmg these defects do form bone (see 
Fig 8-226) they are osteogenic In the healing phase. 

Corucal defects in the femurs can be demonstrated 
roentgenographically in a surpnslngly high percent 
age of normal asymptomatic children older than 3 
years Sontag and Pyle found them in approximately 
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Fig 8 228 -Benign advanced mulMloculated defect In the t 
bia and single early superficial delect In fibula (arrow) ft >s I kely 
tbal the large deep tibial delect began as a supe^iclal defect s m 
liar to the superficial defect in the fibula The patient was S years 
of age M croscopie d agnos s of f brous delect was made by Dr 
Henry L Jade New York 


one-half of the normal boys they examined and m 
about one-fifth of the normal girls In our serial 
studies of the bones at the knees defects were found 
at one or more ages In 40% of boys and 30% of girls 
Cortical defects were present in 34 of 54 siblings 
from 20 families studied by Selby This means that 
the presence of such femoral shadows In children 
who are abnormal need carry no Implication of de- 
structive disease in the femur even when there are 
clinical signs of disease in and around the knee Also 
these defects and their cystlike shadows need have no 
chnlcal significance when found in patients wlw 
have diseases which cause muluple and generabzed 
destructive changes in the long bones, such as leuke 
mla eosinophilic granuloma polyostouc osteomyeli 
tis syphilis tuberculosis and osteitis fibrosa cystica 
It IS also manifest that in view of the fact that these 
defects are common in all children they will be found 
by chance in a considerable number of children i^o 
have growth disturbances and such disorders as Os 
good Schlatter disease and Perthes 
There is no causal relationship between the femoral 
defect which Is developmental and the disease f^^ 
in association with it When the sigmficancecannrt be 
saosfactonly evaluated biopsy wiU be necessary for a 
conclusive diagnosis 

Radiologically. cortical defects may be 
vMh bonf cysts eosinophilic granoloma Icct*^ 


smaller phase of nonosteogenic fibromas They are 
apparently identical microscopically Jaffe observed a 
patient who presented a cortical defect m the femur 
at 9y* years of age which had converted to a nonos 
leogenic fibroma 3Vj years later, radiographically 
The morbid changes and the tissues in the site of 
the defect which are responsible for it are not well 
known Hatcher made block biopsies in several pa 
dents and he found the site of the roentgen defect 
filled with a mass of fibrous tissue which occupied a 
smooth walled cavity m the bone The external seg 
menc of the cavity was covered by penosteum which 
fused with the fibrous mass below it In the whorls of 
connective tissue were many multmucleated cells 
and with them some hpid containmg macrophages 
Marek provided a detaJed desenpdon of the gross 
structural changes He found grayish white localized 
thickening of the penosteum over the site of the com 
cal defect with projection of the internal end of the 
penosteal fibroma through the defect for a short dis 
tance into the medullary cavity The basic lesion was 
a locabzed thickening of the penosteum inward 
which was directly continuous with the overlying per 
iosteum There was no overhang of the cortical edges 
and no marrow elements in the periosteal thickening 


Fig 8 228 -large cortical defect in the medal and dorsal 
cortical wa I of the right femur of in as/mptomat c boy If years 
of age The errowa point to a long strip of th ckened cortex 
which represenis new bone format on in the s to of the path of 
migration ol the detect toward the end of the shaft as the epi 
physis grows dutaiward Borie formation s the rule in the a tes of 
heal ng cortical delects and the term ronossifyng fibroma is a 
m snomer 
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FIs B 230 - Large mull loculated ben gn con cal defect 
wth a pathologc fracture n a g r1 6 years of age Injury 
was den ed Th s fracture healed rap d y w th abundant 
callus 


Pathologic and traumatic fractures through cortical 
defects are rare but they have been seen occasionalK 
through large defects in the distal third of tb® tibial 
shaft (Fig 8-230) 
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Longitudinal stnations in the distal femoral meia 
Physis both radiolucent and opaque are not so com 
mon as cortical defects (Fig 8-231). These stnatitms 
are found m children who are asymptomatic and do 
not glv e a history indicative of earlier local disease to 
the femur For this reason they are believed to be 


phvsiologic vanaoons in the spongiosa which are 
without cbnical significance 
Localized external thickenings of the dorsal cortical 
wall of the femur at its distal end develop in about 

Fg S 231 Longtudnai siralons in the dstal end of the 
em« a Shalt of an asympiomai e g rl 11 years of age The ane 
torn c changes respons bie for these sinat ens were net proved 
oenigenograph ca ly they appear to represent long tud nsl stna 
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Fig 8 23Z-Symm«trleanoca zedcortca 
(heken ngsoftha tforsomed af cort ealwa laoOhe 
daiaicnda odi'afemunot a boy iSyea s of age The 
f ma were made because pa n developed n me left 
kr)a»a weak belo e afiara fa i f om a bicycle The 
r ght knee was normal A and B I ontai and fate ai 
project ons of the rght knee CandO frontal and 
late al project one of the left knee 



Fig 8 233 -Normal rregular condylar r dges on the do sal 
cert cal wall of the femur of a boy f S years of age who had had 
pa n beh nd the left knee (A) for several weeks the quest or> 
of osteogen o sa coma was ra sed because of the abnormal Ir 


regula th cken ng When f ms of the r ght knee were ma> 
(he rreguar bony rdge was d sclosed on the rght ede i 
(0J the tf agnos s of osteogen e la coma was abandoned 
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Fig 8 234 -Long thek rregutar overgrowth ol the planum 
pool leumof a healthy boy 14 yea s of age Th a externatthcaen 
ing has ra sed the quest on of osteosarcoma m some cases In 
three b opsy study showed normal bone 



Fig 8 235 —Super or foramens lor the nutr ent aner es of the 
femur n frontal (A) and lateral (B) project ons In A the foramen 
casts a sma I c rcular rad olueent mage In B the canal perfo- 
rates ihe anier or cort cal wail and could be iruerpreted as a cod 
ca fracture I ne S m lar foramens and canals were present nthe 
other femur at the same level In this asymptomat e boy 3 /t years 
of age 


20% of health? adolescents (Allen) and should not be 
confused with early osteogenic sarcoma which is 
common in the same site In some cases these thick 
enings are bilaterally symmetrical (Figs 8 232 and 8 
233) They vary m length from 3-S cm in children 
from 12-16 years of age (Fig 8-234) The foramens 
and canals for the nutrient artenes are often visible 
in both projections (Fig 8-235) 
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The ossification centers of the trochanters large 
and small develop from multiple foci and these 
structures are usually irregularly mineralized during 
much of the growth period (Figs 8 236 and 8-237) 
The physiologic irregularity in density makes it ncces 
sary to use caution in the diagnosis of osteochondro- 
sis fracture or osteitis of the femoral trochanters Op 
timal visualizauon of the smaller trochanter is ob- 
tained when the leg is rotated externally intern^ 
rotation is the optimal position for visualization of the 
greater trochanter 

The best view of the femoral neck is obtamed with 
the leg rotated slightly inward The neck is fore- 
shortened by outward rotation of the leg and frac 
tures and deformities are easily overlooked In this 
position The proximal end of the shaft commonly 
shows a roughened margm The iiregularlti« on the 
edges of the femoral ossification center and the piovi 
sional tone of calcification directly opposite it su^wt 
one or more transitory extra ossification centers (F g 


8 238) The marginal defect in the medial side of the 
proximal femoral epiphyseal ossification center (Fig 
8 239) Is the fovea capitis femons The proximal 
femoral epiphysis may sometimes be found divided 
into two portions by a jagged band of lesser density 
This results from ossification of the epiphyseal corti 
lage from two centers rather than the normal one 


Fig 8 236 -Normal irregular t es n Oeos ty ol the shall adje 
eeni to the trochanters snd ine secondary center m the greater 
rochamer ol the lemur n ari asymptomat obey S years ol age 
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Fig A 337 -Normal rregularteslndonsKyandmargnsofth* 
prox mat and of ir'a lamur n an asymptomat e boy 9 yaa s of age 
A, frontal project on w tn the femur adducted Arrowa are d reel 
edat araaaof uneven dens ly and grooves n and near the great 
er and leaser trochanters cart Uge-snait junct on and summ i of 
the prox mal epiphya a wnere the fovea cep t e e seert as a shad 


ow of d ffl n shed dens ty There are three secondary centers In 
the lesser trochanter The flatten ng on the med al aspect of the 
prox mal ep phys s s phys olog c and should not be m scon 
sirued as eany coxa plana 8 frontal project on w th the femur 
abducted and rotated exie nally Arrowe po nt to s tee of uneven 
dens ty n the femur I um and pub s 
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Fig 8-239 —The fovea capit s lemons (arrow) is characlerisli when the femur is externally rotated and abducted into the trcg 

cally visible in standard frontal projection (A) but is not visible pos tion (B) The patient was a healthy boy 15 years of age 


Fig 6 240 — Fact tious splitting ot the femoral head in an two unequal segments by a stnp of decreased density which rep- 

asymptornatie girl 4 years of age In A, frontal project on the lesenfs trie synchondros s between the two ossif catipn centers 

femoral head image is normal In B, lateral externally rotated which developed one behind the other in the ventrodorsal d rec 

position the femoral head image is dvded tongtudnally into ton 






rg e 241 (Ittt) -Normal («ui oateotd«roai$ottne(«<nur4ue 
to Internal thickening ot the cones (arrowt) wiiheerreapontfng 
Oiminullon m eai her ot the meCuUary cavity Ai approsimateiy 
the m ddle of the th ekened cortical aegment the canal tor me 
nutrient ertery ia seen 

Fig 6 242 (middle) -Normal oaiecaeteroaisolmenewMm A. 
forearm of an asymptomatic infant 14 days of age The rad us 
and ulna especially the rproiimaiiwo-miros are sclerotic owng 
to d sproportronaMly (h ek ecfUxes and correcpondingry narrow 
er medullary eav t cs The nuinene canal of the ulna is proiected 
axially and casts a small oval shadow ol d m rt shed Oerisity far 
row) the nutrient canal of ina radius In contrast is projected m 
profile and casts a short tubular ahadow of dimm shed density 


where it traverses the compami (errow) B forearm ol an asymp 
fomaf/c girt g year* or age In compansen with 4 the cortexes 
are relauvely m n and the medullaiy cavities w de The nutr ent 
cenels are nof visible because they ere amall in mum to the 
thicker cortex ol eh Idnood 

Fig I 24J (right) -6 (fuse Ihckeninge of prematurity in a 
nortsyphitc premature infant S months of age The blood of 
both plants end of the infant gave negative react ona to Wasser 
maon and Kahn tesfs on severaf oeeas ons (f is noteworthy that 
there is no roentgen ev dance of recent or old rickets in the 
metaphyais Urtiecogniied repeated trivial trauma is a probabla 
cause 


center (Tig 8 240} The two proximal femoral ossiG 
cation centers one on each side are often unequal m 
size during the 1st year In healthy infants this fact 
invalidates many diagnoses of congenital dysplasia of 
the hip on the basis of relative smallness of this ossi 
fication center on one side Also occasionally one or 
both of the proximal femoral ossification centers may 
develop in a flattened contour which simulates coxa 
plana when the patient Is actually healthy and never 
shows signs of clinical coxa plana 


Multiple Generalized and Scattered 
Normal Variants 

Osteosclerosis of the newborn -"nie long tubu 
Ur bones of fetuses premature Infants and newborn 
mature infants often appear to be sclerotic roentgeno- 
graphJcally (Figs 8 241 and 8 242) in coropanson 
with older bones This sclerosis is due to pn?»orfion 
ately thicker cortical bone and more abundant spongi 
osa dunng fetal and neonatal penods (see Fig 8-58) 


In some cases the medullary cavioes appear to be 
almost completely obliterated by the internal thicken 
Ing of the cortex TTie sclerotic changes disappear 
gradually dunng the first weeks of life this phenome- 
non has not been studied carefully As far as is 
known neonatal sclerosis has no pathologic signifi 
cance Correlations of the magmtude of neonatal 
physiob^c skeletal sclerosis with the magmtude of 
physiologic anemia of the first months of life and the 
anemia of prematurity would be of mterest The nu 
tnent canals are relatively large dunng the neonatal 
period 

Cortical thickening of prematurity can be 
demonslratedroentgenographicaljyzn moretban half 
of all premature nonsyphilinc infants (Fig 8-243) 
The exact cause and pathogenesis of these lesions are 
not known nor is it known why so many prematures 
do not show them Malmberg showed that mfeosive 
prophylaxis with large doses of vitamin D will pre- 
vent the formation of these cortical thickenings m all 
but a few cases, and he concluded that rickets was 
the sole or at least a partial causal factor From a 
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Fig 8 245 -Common sites of normally irregular mineralization 
fn the grow ng skeleton marked 6y crosses Oefa Is marry are 
Illustrated In preceding figures beginning with Figure 8 78 
A, eran um During the first weeks of I fe and cent nintig tor 
several months edges of the bones at the great sutures are 
commonly irregular and in many infants deep hsaures extend 



trom Hte sutures into the bodies of the bones Irregularit es are 
also conwnoo on the edges of the lemporaf suture not shown 

8.pefvts t crestofKum 2 secondarycentermcrestof ilium 
3 secondary center of anterosupenor spine 4 os aeela&ull 
marginalia S bodyofisehkini S secondary center of Ischium 7 • 
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rig 8 246 - An elongated sclerotic strip m the humeius which 
in a single proiecton suggests an enostosis of the cancellous 
bone in the center of the medullary cavity In two protections 
hovrever this proved to be attached to the inner edge of the dor 
sal cortical wall of the humerus over a long d stance A second 
and poss bly better explanation of this Image Is that it represents 
the lata calcified stage of a I brous cortical defect which was ra- 
diolucent earler The patient 11 years of age had never had 
clinical sgns at this site 
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Thickness of the epiphyseal plates -The calci 
fied cartilagmous disks and the contiguous lightly 
meshed cartilaginous spongiosa which cast the trans- 
verse bands of Increased density across the ends of 
the shaft vary considerably in thickness In healthy 
children of the same age and in the same cbild at 
different ages The exact significance of these differ 
ences in thickness is not known and the subject needs 
more study In our experience the epiphyseal plates 
tend to be proportionately thicker during the 2nd to 
5th years (Fig 8-248>. In the diagnosis of ‘ lead lines ’ 
one should use a wide normal range for the epiphys- 
eal plate shadow during this age period 



Fig. 8 247 • Normal focal tclemsas in the eaieaneus. A, nu 
merous small foci in an asymptomatic boy 12 years of age B. 
single large focus m an asymptomat c boy 12 years of age The 
srrow at me base of the fifth metatarsal points (o a normal apo 
pbyseal center which is developing from (wo foci In this patient 


Olieases of Bone 

One. several or all of the component parts of a 
growing tubular bone may be diseased, corticolis. 
spongiosa, epiphyseal plates and medullary cavity 
may be involved singly or in combination Local le- 
sions may be limited to the shaft or one of the epiph 
yses. but in generalized diseases similar abnormal 
ities are usually found in corresponding portions of 
the shafts and the epiphyseal ossification centers 
The external configuration may be modified or re- 
main normal. The density of the entire bone or any 
part of it depends on the calcium content and the 
amount of calcium containing tissue The compact 
bone of the cortex is responsible for most of the shad 
ow cast by a long tubular bone, the shadow of the 


Isctiium end pubis at the ischiopubic synchondros s 8 body of 
pubis 9 ilium et sacfo liac joint 10 sacrum st sacroiliac fomi 
1 1 iliac edge and roof of the acetabular cavity 

C. scapula land? secondary centers of acromion process 3 
secondary center of venebral edge 4 secondary center of kilert- 
or angle 

D. upper extremity f secondary center of trochtea always ir 
regular 2 and 3 proximal and d stat epiphyseal centers of ulna 
4 proximal epiphyseal center of rad us 5 greater and lesser 
mullanguiars 6 Inconstant center of second metacarpal 7 p sk 
form 

E. lower extremity I proximal metaphyss of femur 2 and 3 


secondary center and edges Of shaft at the greater and the lesser 
trochanter 4 and 5 lateral and med al edges of d slal ep physeal 
center of lemur 6 patella 7 and 8 med al ar>d lateral edges pt 
prOKimti epiphyseal center of i bia 9 secondary center In ante- 
rior tibial process 10 proximal ep physeal center of rtula it 
and 12 d stal melaphysis and d stal ep physeal center of f buia 
>3 Internal malleolus of distal epiphyseal center of tibia 14 
ap^hysis of calcaneus IS primary center of calcaneus 16 na 
wcular cuboid 10 cuneiform 19 proi mal ep physeal center 
of first metatarsal SO ep physeal certters of pha ar^ges 21 mar 
ginal centers of the spine. 





964 / SECTION 8 The Extremittes 



FI3 8*248 — Normal absolute and relative increase with ad 
vancing age In depth of the metaphyseal bands which represent 
normal primary zones of calell cation and the r normal contig 
uous tightly meshed cartilag nous and bony spong osa A, nor 
mal bands m a ch Id at 9 months B, normally deeper bands in 
same child at 37 months 


normal spongiosa is relatively faint and severe spon 
giosal changes must develop before they become visi 
ble roentgenographlcally Increased density results 
from increased concentration of calcium or thicken 
Ing of the calciferous tissues, decreased density is 
due to diminution of calcium content or thinning of 
calciferous tissues Disease alters calcium content by 


destroying the normal etjuilibnum between dcposi 
tion and resorption of calcium salts Diminished cal 
cium content and likewise roentgen density may be 
due to Increased resorpuon or decreased deposition of 
calcium, increased calcium content, and increased 
roentgen density, result from Increased deposition or 
decreased resorption of calcium 
A “dynamic” classification of the diseases of grow 
Ing bones was proposed by Philip Rubin of Rochester 
N Y He observed, in careful studies of radiation ui 
duced dysplasias, that each of the four growth units 
of a tubular bone-the epiphysis, physis, metaphysis 
and diaphysis-had its own specific function in the 
determination of the shape and size of the ^e He 
assumed from this observation that disturbance in 
Growth in each segment could cause but a single roaJ 
fomanon of the bone and that each malfonnaoon 
could result only from disturbed growth m a smgle 
segment Thts is a birlhant tuid ehallengmg 
SIS but Its validity cannot be tested satisfaclonly 
til we know more about how normal bones grow and 
until the classification has stood the test of 
eSer^ence We know that it is valid for soniej^he 
ISer disturbances of growth such as achondr^la 
sw ^Pyle’s disease, multiple cartilaginous 

hyperplastic types of achondroplasia. 


Generalized Undercalcification 
(Atrophy, Rarefaction) 
Generalized undercalcification results from the loss 
of lime and protem in the cortex and spongiosa this 
is a common skeletal change m many chrome dis- 
eases in Infancy and childhood The severe rarefaction 
seen in osteogenesis imperfecta is due to a congemtal 
failure of subperiosteal and cancellous bone produc 
turn Regional bone atrophy follows such conditions 
as poliomyelitic paralysis, fracture osteomyehtis 
arthritis, Erb s palsy, muscular dystrophy and others 
in which there is disuse of a part of the skeleton for a 
long penod Generalized rarefaction develops m 
chronic indigestion m which there Is dimmished ab- 
soiption or Increased excretion of calcium In long 
standing infections, the increased metabohe rate in 
conjunction with faulty digestion contnbutes to skele- 
tal atrophy Pressure atrophy of the corncahs and 
spongiosa develops m Cooley's Mediterranean anemia 
owing to overgrowth and expansion of hyperplastic 
bone marrow In scurvy, osteoblastic activity is inhib- 
ited and there is generahzed failure of deposition of 
bone Two factors are responsible for the rarefaction 
of vitamin D rickets faulty absorption of hme from 
the mtesimes and a lowered threshold for its excre- 
tion through the kidneys Excessive renal excreuon of 
phosphorus and calcium is the basic cause of the loss 
of lime from the skeleton in hyperparathyroidism 

Pig 8 249 - Dilfuse undereaie fieat on end rarelaction of the 
tibia end fibula of a girl 2 /i years of age who had celiac disease 
The con cal waits are th n owing to loss of eompaeta on their in 
lernal aspects and the tneduliary eavtias ere correspond ngly 
d rated The soongiosa is ta nt owing to its low I me content but 
me spong osal panern is coarsened by loss of shadows of the 
finer secondary trabeculae 
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The roentgen signs of generalized rarefaction In 
dude cortical thinning and a decrease in the size and 
number of the trabeculae in the spongiosa (Fig 8- 
249). Concentric constncuon of the shaft (over eon 
figuration) and thickening of the epiphyseal plates 
are common associated findings in rarefaction Often 
during the development of generalized rarefaction 
the spongiosa and nutrient canals become more con 
spicuous because the cortex becomes thinner and less 
dense Transverse bands of diminished density may 
be found on the shaftward side of the thicken^ epi 
physeal plates in some cases of severe generalized 
rarefaction analogous submarginal bands of dinun 
ished density are often found m the small bones and 
epiphyseal centers of the same paUents GeoeraLzed 
rarefaction develops in many diverse morbid states 
Its presence has bttle speafic diagnostic value 
Geiser and Trueta produced rarefaction of the cal 
caneus of rabbits consistently soon after this bone 
was reheved of its normal muscular compressing 
forces When the same bones were agam subjected to 
the stresses and strains of normal muscular action 
new bone was consistently generated During the 
phase of progressive rarefaction the vascularity of 
the rarefying calcaneus was greatly increased 

Generalized Overcalcification 
(Hypertrophy Sclerosis) 

Generahzed overcalcification may be due to exces* 
sive bone production or diminished resorption of cor 


tex or spongiosa. Cortical thickening is the usual 
cause of diffuse overcalcification External corneal 
thicLemng is a common feature of heahng in osteitis 
scurvy and rickets and of hypertrophic pulmonary 
osteoarthropathy Diffuse internal cortical thickening 
of a tubular bone is a rare cause of bony sclerosis m c 
have seen it in the tibias of a child who had extensive 
congemtal vancosities of the lower extremities Inter 
nal cortical thickening has been found in sickle cell 
anemia of adults Diffuse thickening of spongiosa is 
an exceptional cause of bone sclerosis but may occur 
in such rare conditions as congenital osteopetrosis 
fluorme poisonmg and sclerotic leukemia. 

The roentgenographic features of generalized scle- 
rosis are shown in Figure 8 250 The density is dif 
fusely increased The corticalis may be uniformly 
thickened or it may be stratified. In osteopetrosis the 
heavy shadow of the thickened spongiosa fuses with 
the cortex and obhterates the line of demarcation 
between corticahs and spongiosa. 

Focal Undercalcification 

Local resorption of the cortex and spongiosa de- 
velops at the site of injury or infection of a bone The 
portions of a bone contiguous to cellulitis or arthritis 
may become demineralized during the active phase 
of the adjacent inflammation In localized and scat 
tered fibrous dystrophies the sites of fibrosis appear 
roemgenographically as shadows of diminished den 
sity Locahzed hyperplasias of the intraosseous reticu 
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Joendothellal tissues may destroy and replace bone 
and give nse to bony defects primary and secondary 
osteolytic neoplasms produce bony defects In a ctmt 
lar manner Defects in the epiphyseal ossification 
centers result from infection ischemic necrosis and 
cretinoid dysgenesis In many of the destructive le 
sions marginal bone production develops during the 
later phases of heahng Sudeck descnbed an unusual 
type of atrophy which develops following major or 
trivial injuries to the joints within four to six weeks 
the bones distal to the injured Jomt show marked 
demineralization and atrophy 
The cortical defects of the femur tibia and fibula 
described in the preceding chapter are excellent 
examples of localized undercalclfication of unknown 
origin 

Focal Overcalcification 
Localized increases in the cortex and spotvgiosa ate 
common features of locahzed osteitis traumatic sub- 
periosteal hematoma callus formation nckets hy 
pcrvltaminosls A scurvy infantile cortical hyperosto- 
sis Engelmann s disease hyperphosphatasemia 
(Caffey) and prenatal bowing of the long bones Long 
standing cellulitis varicosities and neoplasms near 
tubular bones may also give rise to localiied overeat 
cificatlons In these bones In the flowing penostiUs of 
Ldri the same side of several bones in an extremity 
exhibits cortical thickening Transverse lutes In the 


ends of growing bones are cast by transverse disks of 
thickened spongiosa analogous submarginal cancel 
lous thickenmgs develop at the same time in the 
small bones and the epiphyseal ossification centers 
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Constriction (Tubulation Modeling) 

With few exceptions in the tubular bones the ends 
of the shaft are wider than the middle and there is a 
progressive concentnc decrease m the cabber of the 
shaft as one passes from the end toward the middle of 
the bone (see Fig 8 64) The growth factors responsl 
bic for normal terminal flanngs and intervemng ste- 
nosis have been called modeling or tubulation Mor 
bid processes in growing bones may modify conflgu 
ration in one of two directions ■'Underconstnction and 
overconstricnon 



flfl 
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Fig. B 252.— Unilateral (a lure of tubulation due to irtjury 
at biopsy A, frontal project on of the femur at 5 years of 
age There is a large con cal delect (arrows) in the 
metaphysis but both corf cal walls are normally concave 
A biopsy was done a few days alter th s f fm was made B, 
frontal project on of the same femur three years later The 
sh^e of the femur is now abnormal owing to the external 
convexity of the med a1 wall which previously was 
normally concave The lateral ventral and dorsal walls of 
the lemur were all normal Cases of th s kind demonstrate 
clearly that tubulation is a function of the cortical wall 
artd IS independent of prol feralion of cartilage at the 
growth zone and of endochondral bone formation 


rig i 251-Fai(ur* of constriction of the ercvmai half of the 
humeral shaft associated with two cartiiag nous exostoses m the 
same levels The pal ent was a boy 2 years of ege 



Undeaconstiuction — Underconstnction or failure 
of modeling of the long bones is illustrated in Figure 
8-65 It IS characterized by thallowness of the usuaUj’ 
concave lateral borders, in marked examples, the 
concave outline may become straight or even convex 
(Fig 8 251) Many of the diseases of growing bone 
modify constncuon and inhibit It if the morbid proc- 
ess continues for any length of time Tubulation may 
fail after local mechanical injury to the cortical waU 
(Fig 8-252) Diminished constriction or failure of con 
stncQon is conspicuous in the cartilaginous dystro- 
phies (Figs 8-253 and 8-254), osteopetrosis, late lead 
poisoning neoplasms fibrocystic disease of the pan 
creas, heahng rickets healing scurvy healing frac 
tures and old productive osteomyelitis In Cooley’s 
Mediterranean anemia the cortical walls are spread 
apart diffusely by the expanding hyperplastic mar 
row, which reduces or obliterates the normal middle 
constriction and results in swollen rectangular 
shapes for the tubular bones In reticuloendothelioses 
such as Gaucher’s disease the long bones, especially 
the distal ends of the femurs, become swollen in a 
similar fashion owing to hyperplasia of the retlcu 
loendotbebal cells In many cases of dysostosis mult] 
plex (Hurler’s syndrome), generalized failure of tubu 
lation is a conspicuous roentgen finding, and in Pyle’s 
disease, failure of tubulation and the resultant splay 
mg of the ends of the long tubular shafts are the prin 
opal roentgen features 

Generalized enlargements of the shafts due to dila 
tation of the medullary cavities may also be a late 
feature of infanule conical hyperostosis in which the 
cortical walls may be reduced to paper thinness 

OviRCONSTWcnoN —This is the reverse of under 
constriction As one passes from the end of the shaft 
toward the middle there Is an excessive progessive 
concentric constriction, the concave curves become 
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deepened and Ihe terminal segment of the shaft 
flares widely In contrast with the stenosed intermedi 
ate segments (Fig 8 255) Most of the constriction 
takes place at the expense of the medullary cavity 
the cortical walls m contrast, are relatively little 
affected Overconflguration is found in longstanding 
paralytic and pseudoparalytic conditions such as 
rheumatoid arthritis, old poliomyelitis, muscular dys 

Fig 8 }SS 'Posipoliofflyel tio overconsirrction ot me (eft re 
dius and ulna of a girl 8 /i years ol age who hed had acute poho 
mye/ilrsarsgeS Compar son e/ anaieg^s bon»$ nihetwolofe- 
arms shows that the lad radius and ulna are of smefier ceiiber 
than me r counterparts on the right and dare more at the ends 
The foss of volume of these bones is due almost aniirety to loss 
of volume of the medullary cav t es the cortical m ckness ol Ihe 
bones IS pract eally the same on the two s des 



fig 8 2S6 -Cupp ng of the rght distal femoral melaphysis in 
a boy 13 years of age who had acute pol omyel t $ el age a and 
severe pemtenert parelys s ol the muscles m the right leg The 
metephyss ol the right femur is deeply cupped and spread and 
the shaft is shortened The cartilage plate is thinned and obliler 
ated in Its central segment where the shaft and epiphyseal oseifi 
cation centers have apparently fused The intercondylar notch in 
Ihe femoral epiphyseal css fieat on center is deepened The nght 
t b a' epiphyseal ossil cal on center is also enlarged but its meta 
phys s Is not cupped The lomt space at the right knee is deep 
ened All the bones in ihe right leg are raref ed and tha muscular 
masses are small owing to the longstanding atrophy and hypo- 
plasia of muscles 
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trophy birth palsies congenital malforrnatiQns of the 
spinal cord and brain and other like disorders 
Curranno in a study of 250 unselected postpoho* 
myehtic patients found metaphyseal cupping in 22 
The bones at the knees >vere affected in 3 patients in 
the other 19 metaphyseal cupping and shortenings 
developed in the metatarsals We have seen severe 
metaphyseal cuppmg with shortemng of the distal 
end of the tibia (Fig 8 256) nine years after the onset 
of paralysis of the leg 
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Transverse Lines of Park 
(Stress Lines of Park) 

Opaque transverse lines (hereafter referred to as 
TL) across the terminal segments of growing long 
bones are found in healthy and sick children at all 
ages They never cause local signs or symptoms TL I 
may be present at birth in full term infants and in 
prematurely bom as well which shows that they also 
de\ elop m the fetus They cannot appear after growth 


is completed but they may form late during child 
hood and then persist mto adult life Marginal lines of 
increased density in the round and flat bones are the 
counterparts of TL in long bones and they develop 
simultaneously with them 
Usually TL are distnbuted symmetncally through 
out the skeleton and occupy identical sites in the cor 
responding bones on the two sides of the body (Fig 8 
257) TL are thickest at the ends of bones which grow / 
most rapidly (sternal ends of nbs both ends of femurs 
and tibias) where they also he deepest in the shafts 
At the bone ends of slowest growth (proximal ends of 
radiuses and ulnas) TL do not form at all or are ex 
ceedingly thin and he at the very end of the shaft 
directly under the provisional zone of calcification 
Radiographically however there are many excep- 
tions to these usual patterns of uniform and symmet 
ncal distribution TL may be present in the bones of 
the legs and absent m the bones of the arms and vice 
versa they may be conspicuous at the knees and in 
visible at the ankles or they may be conspicuous in 
the distal ends of the radiuses and barely visible or 
invisible In the distal ends of the ulnas 
TL parallel almost exactly the contours of the provi | 
sional zones of calcification which they underlie 
When several TL ore present at the end of a shaft 
they parallel one another (Fig 6 238) The lines near 
est the end of the shaft are ordinarily the thickest and 
widest Older hnes deeper in the shaft are thinner 
less distinct and usually defective at their ends Occa 
sionally a hne may be broken into many small seg 
ments instead of being a continuous unbroken strip 
Rarely long segments of a TL may be absent in Its 
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middle third A line may appear to be complete in 
frontal projection but be seen as a large defect in lat 
eral projection (Fig 8-259) 

The exact cause of the formation of transverse 
lines la not known with certainty but they appear to 
develop whenever a growing animal is subjected to 
stress of sufficient degree over sufficient time espe- 
cially such stresses as starvation and fever Stresses 
to pregnant women may induce TL m the bones of 
the fetus growing in utero Sontag concluded that the 
TL which develop In the Infant dunng the neonatal 
period are due to the nutritional stress of «s shifting 
from placental nutntion and oxygenation to those of 



the alimentary tract and lungs Endocnne adjust 
ments at birth may also be a cause in the neonate 
Harris produced TL expenmentally in growing am 
mals by starvation Park and his colleagues mduced 
TL in rats by feeding diets deficient in protein and fat 
but high In carbohydrate 

A reasonable hypothesis for the causal mechamsm 
is persistence of the excessive cartilaginous scaffold 
due to transitory oligemia of the metaphyseal arteries 
owing to the slowed blood flow through them 

The anatomic change which casts the TL in a radi 
ograph are shown m Figure 8 260 It consists of 
transversely directed bony trabeculae in a thin stra 


fig 8 260 — Three-d mens onal v ew of Pa k s transverse 1 ne 
made In a study w th a t> nocu ar d ssect ng m croscope f om a 
preparat on cleared w tfr w nterg een accord ng to the method of 
Spattehoir The transverse I ne s composed ent rely of bone In 
transversely d sposed irabecu ae wh ch a e ident cal with the 
bone In the normal long lud nally d sposed trabecu ae above 
and below tt Th siransve selyd sposed t abecularbone a formed 
Independently of the act on of the p ol terat ve can age n the 
ep phys s and never went th ough a cart lag nous phase (Cour 
tesyotOr Edwards A Park Bat more) 
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Fig 8 261 —The general on of transverse I nes ot Pa k under 
the pro! terat ng Cart lage whose grovrth was accelerated by 
chron c hyperem a me dental to osteomyel t s of the left t b a. 
Transverse I nes developed at aM cart lage-shall lunei ons In the 
left t b a the I ne s deeper n the shaft than its fellow o the r gh| 
I b a (5 min as compared w th 3 mm) wh ch proves that growth 


of the left t b a was accelerated The left t b al transverse | ne is 
in cker than the I ne n the f ghf t b a wh ch proves that long to- 
il nal growth of the bone was accelerated dur ng general on of 
the transwfse I ne The I nes n the two lemurs are each 7 mm 
from the ends ot the shaft 


turn which extends entirely across the medullary cav 
Ity and exactly parallels the provisional zoneof calctS 
cation above it and runs at tight angles to the norma] 
longitudinally directed trabeculae 
Transverse lines have been called lines of arrested 
growth or growth arrest lines in the bebef that they 
developed dunng penods of slowed or stopped grot* tb 
However in several cases radiographic findings indi 
cated that these lines were formed dunng penods of 
accelerated growth because m cases m which there 
was a difference in the velocity of growth on the two 
sides of the body the TL ivhich formed in the more 
rapidly growing bone was buned deeper in the shaft 
and was thicker than its counterpart which developed 
at the same time m the corresponding bone which 
was growing more slowly on the other side (Fig 8 
261) As with so many problems of this kind it fell to 
the talents of a great investigator in this case Dr 
Edwards A Park whose penetrating studies and 
canny interpretations of the microscopic changes in 
the metaphyses in both health and disease have 
taught many of us the basic knowledge in this field to 
clarify the confusions and seeming inconsistencies 
Dr Park s studies indicate that longitudinal growth 
arrest of a growing bone is a prerequisite to the for 
mation of aTL in it and that longitudinal growth step? 
initially or is slowed in every instance Durmg this ) 
initial phase of growth stoppage or slowing the local 
osteoblasts form a thm transverse bony template 
directly on the underside of the zone of proliferative 
cartilage which is visible microscopically but is so 
thin that it is invisible radiographically This primary 
thin bony template is formed exclusively by local os- 
teoblasts without the aid of proliferating cartilage 


cells It is only when longitudinal grow th in the pmllf 
erattng cartilage is resumed during what Or Fark 
calls the recovery phase that a resurgence of the ac 
tivnty of the local osteoblasts on the template thickens 
it to several times its ongmal depth and it becomes 
visible in a radiograph as a TL At the same time a 
pent up regrowth of the proliferative cartilage occurs 
and buries the TL deeper in the shaft. It is clear that 
the TL seen by radiologists are formed during periods 
of accelerated growth which foUow the initial phase 
of arrested growth These facts resolve the seeming 
paradox in Figure &-26J In view of his findings Dr 
Park suggested that we abandon such terms as lines 
of arrested growth and growth arrest lines because 
they are positively bad as descriptive terms Hees 
llmated that **/io or in some cases 'Vio of the com 
pleted transverse stratum which we see radiographl 
cally represents growth during the recovery phase 
when lonptudmaJ growth has been resumed He pro- 
posed the term postarrest Itner I prefer the term 
Iransierse line of Park in recognition of his splendid 
researches and scholarly writings on the metaphyseal 
phenomena during growth— a token appreciation of 
this knowing seeker and finder of the truth and wise 
and gentle teacher If one were to select a term indie 
ative of the cause of TL stress irantierse lines 
would be appropriate 

A comprehensiv e review of the transv erse fines and 
bands will be found in the article by Gam and asso- 
daies pubbshed in 1968 
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Lead bands —Following the Ingestion of lead or its 
lohalation over long penods thick transverse white 
bands develop in the ends of the shafts of growing 
bones The morphologic change which casts these 
bands in the radiograph Is entirely different from that 
of Park s stress lines The proliferative cartilage is not 


Fig 8 262 - Structural changes in the spong osa wh ch cast 
Ihe transve se band shadows In the ends of the grow ng ^alts A 
and B are sect ons of the pros mat ends of the temo al shafts of 
A hvbgrowtng dogs Itlermates k lied at 96 days of age An mal A 
I N receyr^d no b smuth and the sect on shows a normal femoral 
yn^aphys s An mal B rece ved 200 mg of elemental b smuth n 
' /“lour Intramuscular njectons of SO mg each on the 67th 74th 
t' 81st and 66lh days of I fe and t tms of the bones showed deep 
opaque bands in all of the grow ng mefaphyses The sect on of 



B a femur shows Ihe rad opaque long tud nal trabecu ae to be 
enormous y ncreased and the rad olucent marrow spaces corre- 
spond ngly reduced n the levels of the shaft wh ch cast the 
heavy transve se shadows The lead and b smuth les ons are ac 
tually chondrosclerosss The prol fe at ve cart age zones at the 
top are not affected Phosphorus I nes have a d fferent morphol 
ogy and pathogenes s If $ also noteworthy that the overabun 
dant spong osa produced by b smuth has no or only very Ih n 
cover figs of endosteal bone 



A 
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^9 1 293 —PaAoffraphic changes ot lead pc/scm/tg m grot^ 
ing bon>$ and the alimentary tract This Qirf IS mortths ot age 
had been eating dry pa nt irom the walls oi her home for many 
months In A and B transverse bands of increased dertsty are 
seen in the metaphyses oi the bones of the hands and the knees 
The distal end of the femoral ahalt is ineompieteiyeortstncted in 
Ci (he cranial sutures are widened due to actively increased m- 
traeran at pressure in D, opague lead particles are present >n me 
lumen of the colon 



affected so long as longitudinal growth is not slowed 
and a transverse template does not form. The level of 
the white band Is filled with an excessive number of 
longitudinal cartilagmous trabeculae closely crowd 
ed together, and called the trabecular thicket by Park 
(Fig 8-262) These trabeculae are made up of calci 
fied thick cartilaginous cores covered by thin sleeves 
of endosteal bone almost devoid of osteoblasts The 
morbid anatomy of the lead band and the bismuth 
band is similar This calcified thicket occupies space 
normally filled with more radiolucent marrow and js 
due to failure of normal thinmng out of cartilaginous 
trabeculae, 90^ of which are usually removed during 
normal growth In lead and bismuth bones less than 
SO-JO'p are remaf'ed The depth of the lead bands 
correlates directly with the duration of poisoning and 
velocity of growth in each metaphjsis (Fig 8-263) 
From the morbid anatomy one would suspect that the 
basic causal mechanism for lead and bismuth lines is 
oligemia of the metaphyseal segment of the cartilage 
plate due to chronic reduced flow of arterial blood in 
the terminal metaphyseal artenes 


It should be remembered that lead bands are not 
generated rapidly enough to be visuahzed during the 
earliest phase of lead poisoning and that they form 
more slowly in older children Sartain and associates 
have demonstrated the advantages of chemical dlag 
nosis over radiographic in children, especially the 
excessive excretion of lead in the urine following a 
dose of versenate In chronic Infantile and juvenile 
plumbism lead bands are almost constant findings 
The diagnosis of lead poisoning should not rest solely 
on the identification of lines in the skeleton, it should 
be based on the history of Ingestion or Inhalation of 
lead and the demonstration of excessive amounts of 
lead chemically or spcctrographically in the urine, 
blood and sometimes the skin Patients poisoned by 
lead arc usually anemic long before the lead band 
appears In the bones, and the red blood cells are stip- 
pW prior to the appearance of the bands lleavT 
transverse bands may be found In apparently healthy 
children (Fig 8-264) which are identical roentgeno- 
graphically with the lines which appear in the bones 
during chronic lead poisoning and for this reason 



974 / SECTION 8 The Ext,em,nes 




jri m p 




FiQ 8 264 -Idopaihic Wick transverse bands ol increased 


===S~S' 


dence Wat suggested leader bismuth poisoning and he ^ad. 




roentgen /tndings must altv^rs b« given onfy second 
ary weight in the diagnosis of lead poisoning Several 
erroneous diagnoses have been made cn (he false 
assumption that heavy transverse bands in growing 
bones ore pathognomonic of lead poisoning Many- 
patlents with lead poisoning exhibit roentgen signs of 
increased Intracroiual pressure and occasionally 
opaque lead containing matenal is visible in the in 
testtnal tract 

The lead band is gradually buned deeper in the 
shaft with the passing of ame and during this process 
it interferes with constncuon of the shaft, reducing 
consmctron so that the leaded mctaphyses are wider 
than normal (see Fig 8 251, C) This terminal widen 
mg of (he shafts may persist for months or years fol 
lowing clinical recovery from lead poisoning but then 
If slowly disappears Pease and Newton were im 
pressed with the resemblance of these lead widemngs 
at (he ends of the bones to the splaying of the bones 
which charactenic Pyle’s disease It seems unlikely 
that lead poisoning is related causally to Pyles dis- 
ease because the lead lesions are transitory and Pyle s 
lesions are permanent, and so far as is known no pa 
tient with Pyle s disease has been poisoned with lead 

It seems probable that now the roost important 
source of lead poisoning in children is the old glazing 
window putty which dries and breaks off in sticks 
several inches long that simulate candy bars This old 
putty has a high content of lead Palnusano and asso- 
ciates pomted out that illegally produced alcohol is 
the most common cause of both acute and chronic 
lead poisoning in the southeastern United States 
Pregnant women are of course eiqjosed to this hazard 
and both mother and her fetus may suffer from lead 
poisoning from this source 
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Bismuth bamss —Bismuth affects the growmg 
skeleton in tbe same manner as lead and bismuth 
bands have the same roentgen features as lead 
bands Jn our experience, bismuth bands have been 
encountered exclusively in children who were receiv 
log bismuth for the treatment of syphilis During the 
treatment of syphilitic pregnant women some of the 
bismuth injected mto the mother crosses the placenta 
to tbe fetal circulation and Is transported to the fetal 
skeleton where bismuth bands may develop (Fig 8- 
265} These bismuth changes may closely simulate 
several types of syphilitic osteochondntis and cau 
don should be used in the diagnosis of infantile 
syphilitic osteochondntis when the mother has been 
treated with bismuth during pregnancy There is no 
convincing evidence that silver and mercury produce 
skeletal changes similar to those of lead and bismuth. 

If aisemc produces any change at the carQlage-shaft 
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Rg a 26S -Tracmgs of roentgenograms ot two eases of (ns- 
muth bands in the neonatal skeleton wh ch followed maternal 
bismuth therapy A.tilmmade the tOthday of We snowmgsngfe 
bismuth bands deep m each end of the tibia a single course of 
sia injections of bismuth was given the mother between the ie5th 
and the 21 <th day of gestation B. (ilm made the Sth day of i fe 
showing double bismuth bands in each end ol the tibia. This 
mother reee ved two courses of bismuth one during the sixth 
lunar month of gestation and the second during me ninth lunar 
month 

junction, Its effect does not develop with the doses 
used in the treatment of infantile syphilis Cold so- 
lution Is used in the treatment of juvenile rheuma 
toid arthnQs We have observed the development of 
transverse lines in a fetv cases followed roenlgeno- 
graphically, but we are not sure that the gold was the 
only factor In their generation Radiographically they 
resemble the stress luies of Park. 
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Radium bands —In growing rats foUo'ving the 
administration of radium chloride, Thomas and Bru 
ner found heavy terminal bands of increased density 
in the ends of the shafts We have not seen descnp- 
tlons of the skeletal changes in human infantile or 
juvenile radium poisoning Therapeutic roentgen lira 


diationof the cartilage-shaft junction produces heavy 
thick transverse lines locally, this effect is not found 
m corresponding nonirradiated portions of the same 
skeleton They appear to be similar to the stress lines 
of Park. 

Phosphorus bands -The protracted ingestion of 
metallic phosphorus (yellow phosphorus) produces 
deep bands of increased density In the ends of grow- 
ing shafts The phosphorus band is made up of a 
bundle of fine transverse hnes (Fig 8-266) The path- 
ogenesis of the phosphorus lesion is considerably dif- 
ferent from that of the lead effect As with lead, the 
phosphorus shadow is cast by a thicket of closely 
packed ovemumetous longitudinal trabeculae which 
result from failure of the normal thinmng out of tra 
beculae In contrast to the lead and bismuth trabecu- 
lae the phosphorus trabeculae are made up of solid 
bone or small central cartilaginous cores surrounded 
by heavy sleeves of endosteal bone on which the os- 
teoblasts swarm in large numbers The phosphorus 
thicket IS an osteosclerosis, whereas lead and bismuth 
thickets are chondroscleroses Phosphorus bands hav e 
been found most frequently in rachitic and tubercu- 
lous children being treated with phosphonzed cod liv 
er oiL There is no evidence pomting to retardation of 

Fig 8 268 -De«p stratified phosphorus transverse bands m 
the Dones of a g ri 4 years of age who had been laking phosphor 
ized cod liver Oil by mouth for several meiuhs She had osteogen- 
esis impertecia Increases m dens ty are also visible In the coni- 
cal walls and peripheral spongiosa. 
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longitudinal growth of the shafts during the forma 
non of phosphorus bands 

Marginal phosphorus hands were produced in the 
occipital and sphenoid bones experimentally by feed 
ing yellow phosphorus to growing rats (Spmat and 
Cans) From the structural change one might con 
dude that the causal mechanism of the phosphorus 
bands is chronic hyperemia of the metaphyseal side 
of the cartilage plate due to excessive blood flow m 
the terminal metaphyseal arteries 
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Transverse lines of diminished density —These 
are Dot as cojnjnon or as conspicuous ss the k/ies oP 
increased density with which they may be associated 
Rarefied transverse lines underlie and sometimes al 
temate with lines of Increased density m such dis 
eases as scurvy, syphilis and leukemia A transverse 
stratum of defective loose spongiosa casts the shadow 
of diminished density visible in the roentgen film In 
the level of transverse rarefaction, microscopically 
only a few thin longitudinal trabeculae can be seen 
widely separated from one another by the increased 
volume of mairow spaces (Park) Paucity of opaque 
trabeculae which ore radiopaque In an excess of mar 
row spaces which are radiolucenc is responsible for the 
transverse radiolucent line 


Alterations in Growth and 
Development 

The great variation In the length of the long bones 
in apparently normal individuals precludes the inter 
posiDon of a sharp hne of demarcation between nor 
maily short and abnormally short, and normally long 
and abnormally long The extreme types of under 
growth are recognized without difficulty and are 
grouped under the genenc label of dwarfism Ex 
treme overgrowth is usually known as gianusm, Jt is 
much less common than dwarfism The average nor 
mal lengths of the different long bones at various age 
levels are recorded m Table 8 1 (p 886) Deviations in 
either direction which exceed 10% of the average 
length he outside the normal range and are consid 
ered abnormal Idiocy and Imbecihty are often char 
actenzed by smallness of stature, maturation of the 
skeleton may be normal or delayed m such clrcum 

*'^nmalized undergrowth (dwarfism) -The de 
marcauon between normal small stature and dwarf 
ism IS an arbitrary one According to McCune. dwarf 
ism connotes conspicuous shortening of the long 
axis of the body, and the diagnosis of dwarfism is 
justified when the defect in stature approrfmaies 
three times the standard deviation of average height 


There are many causes for generalized undergrowth 
Ac long bones The most common conditions in 
elude long standmg severe constitutional diseases 
such as infections, malnutntion, diabetes and ane- 
mia, orgamc disorders of the heart, hver, intestines 
and kidneys, thyroid and pituitary deficiencies, can^ 
lagmous hypoplasias and dystrophies, osteogenesis 
imperfecta, and severe nckets with shortening de 
fomuties Shortening of the spine may be the cause of 
both acquired and congenital dwarfism In Morquio’s 
disease dwarfism is due largely to shortening of the 
trunk which is secondary to congenital flattening of 
the venebral bodies, in patients with muluple henu 
vertebrae the trunk is short owing to congenital ab- 
sence and hypoplasia of the vertebral bodies but the 
long bones in the extremities are normal m length 
Congenital mental retardation is usually associated 
with retarded longitudmal growth with good, bad or 
indifferent nutrition The syndromes associated with 
aberrations in ihe chromosomes-in the sexual as 
well as the somatic chromosomes -are usually char- 
acterized by deficiencies In longitudinal growth 
It is doubtful that ' true miniature dwarfism” ever 
occurs In which the individual has proportionate 
growth and jnarvraoon at all ages and whose only 
abnormality IS a lack of dimension Neither hypogo- 
nadism nor hypoadrenocorticism necessarily results 
in deficiency of growth or development, but moderate 
dwarfism ts the rule in ovanan agenesis The com 
mon type of so-called prunordial dwarf (Gilford’s ate- 
hosts type 2) is thought to be due to panbypopituitary 
deficiency These dwarfs are normal at birth but grow 
and develop slowly, growth and maturation of the 
skeleton are delayed at all postmfantile age levels 
and skeletal growth and maturation may not be com 
plete until the fifth decade Puberty may be delayed 
until middle hfe Roentgen examination discloses the 
retarded growth and maturation of the skeleton the 
soft tissues of the extremities are often folded and 
appear excessive in comparison with the shortened 
long bones BJateral dislocation of the patella was 
observed in one of our patients of this type, it was 
apparently due to excessive length of the patellar and 
quadneeps tendons 

Generalized overgrowth (giantism) -General 
ized overgrowth during infancy and childhood Is due 
to excessive secretion of the eosmophihc cells in the 
antenor part of the pituitary gland Such infantile and 
juvenile giants show rapid growth over a prolonged 
period with normal or delayed skeletal maturation 
and retardation of sexual development Hypergonad 
ism and hyvcradrenocorocism may be characterized 
early by overgrowth and accelerated development of 
the skeleton but the early overgrowth is temporary, 
the actual growth penod is so shortened that the ulti 
mate result is total undergrowth and dwarfism 
Cerebral giantism is the name given to a syndrome 
by Sotos and colleagues which includes mental retar 
dation. excessively rapid growth durmg Ae first four 
years of life, accelerated maturanon of the skeleton 
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early pubescence acromegalic features and cf sy 
poorly co-ordinated movements In radiographs he 
ventricular spaces m the brain were shghtly dil ted 
and the pituitary fossas were normal 
HemihypertTophy may be congemtal or acqui ed 
unilateral or crossed and total or mcomplcte Tiue 
congenital total hemihypertrophy sigrufies enlaige- 
ment of all of one side of the body including head 
thorax abdomen pelvis and extrezmties and all oi the 
tissue components— cutaneous neural muscular and 
vascular This malformation has been found in fetus- 
es and is present at birth The cause is unknown in 
complete twmmng and neurofibromatosis have been 
suggested as causal mechanisms Roentgen exanima 
tion discloses excessive bulk of both soft tissues and 
bone on the affected side maturation on the larger 
side is occasionally accelerated Hemihypertrophy is 
said in most cases to lessen gradually with advincmg 
age and disappear during early adult life Silver and 
his co-workers reported elevation of urmary gonado- 
tropms in congemtal hemihypertrophy 
Localized undergrowth —This prevails when 
local lesions retard or destroy the proliferation of the 
epiphyseal cartilage Destruction of the cartilage or 
reduction of its blood supply is usually caused by local 
trauma uifechon or neoplasm 
Localized overgrowth - Such an overgrowth of 
long bones is encountered m many conditions that are 
accompanied by longstanding hyperemia of the part 
and increased blood supply to the groivuig cartilage 
Among the most common agents are chronic osteitis 
including the tuberculous type chronic arthritis neo- 
plasms healmg fractures chrome hemophilic hemar 
throsu and regional artenovenous fistulas Pro- 
nounced local and regional overgrowth of both bones 
and soft tissues have been found m patients with 
chronic infantile cortical hyperostosis Regional over 
growth of this type may persist for more than two 
years 
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Maturation of the Skeetxqn 

Generalized acceleration -The principal c^ndi 
tions of infancy and childhood which are character 
ized by advanced development of the skeleton are 
cortical neoplasms of the adrenals (adrenogenital 
syndrome) and hypergonadism (Fig 8-267) Preco- 
cious puberty and advanced skeletal developinent 
have been found In a few cases of intracrani^ neo- 
plasms and cysts and hepatomas In excessively 
obese children bony maturation is moderately accel 
erated if Js rarely if ever retarded In the Interesting 
syndrome described by McCune and Bruch whioh is 
composed of unilateral hyperpigmentauon of the s)jn 
and scattered fibrosis of the skeleton maturation of 
the entire skeleton is accelerated m female patients 
only 

It must be emphasized that there is not a good cor 
relation between skeletal and mental development Jn 
some instances of mema] retardation skeletal nl^tu^ 
ation is accelerated This is not infrequently the case 
in mongoloidism Bone age Is not a sound basis for 
the estimation of inteUectual abilities or potentials In 
my opinion it should not be used in the mental grad 
mg of school children 

Generalized retardation or maturation -Such 
retazdauon in the long bones is found in many of the 
conditions which cause undergrowth The most con* 
spicuous retardation of maturation occurs in congenl 
t^bypothyroidism Craniopharyngiomas in and above 
the pituitary fossa are usually accompanied by de- 
layed maturation of the long bones The appearance 
time of the epiphyseal ossification centers is fre 
quenciy delayed in severe constitutiona] disease such 
as Coofey s Afediterranean anemfa poorly confroded 
diabetes melhtus celiac disease and poorly compen 
sated congenital cardiac disease In cerebral hypopla 
sla and mongolism the maturation of the skeleton 
may be at any level from markedly retarded to tjor 
mal Francis believed that the schedule of maturation 
IS delayed temporarily in many acute illnesses sijch 
as the common contagious diseases allergic atiac.k$ 
gastrointestinal upsets and upper respiratory Infec 
tions Sontag and Upford on the other hand foimd 
no delay or alteration in the appearance time of the 
secondary centers which could be attributed to acute 
infantile or Juvenile diseases Dreizen and colleagijes 
found fusion of primary and secondary ossification 
centers in the hand to be delayed in chronic malnufri- 
tion 

Localized acceleration or maturation -T-he 
development of the secondary centers is advanced by 
the same local agents which stimulate rxccssfve 
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Fig 8 287 -Eb physaal mafuraHon A reiarOed maiurat on <n 
an untrealed cret n whose ehronolog c aga Is 7 years bin whose 
skeletal age is 6 months The secondary ep physesf centers have 
not yet appea ed except lor the t ny center in the radal epiph 
yses B eeceerated maturaion In a boy w tn hypergonad sm 
whose chronolog e age Is 7 years but whose ska star age s 20 


years At o) the secondary ep physeal eenie s have appeared 
grown ana /used w th the shafts grv ng (he appearance of edu t 
bones sesamo ds a e v s ble near the d etal ends of the f rst and 
I Hh mctacarpais and near the d stai end of the f rst pha anx of 
the thumb C average maturai on at B years Trac nga of roent 
genog ams 


growth In length listed In the discussion of localized 
overgrowth 

Localized HETAnDATtoN of MAtoiuTtoK -Local 
destructive lesions may delay or stop the development 
of the epiphyseal centers In any portion of the extrem 
llles As Is (he case with localized retardation of 
growth the most Important agents are local trauma 
infection and neoplasm Exposure of the proliferating 
cartilage to roentgen inadiatlon Inhibits and in sufti 
dent dosage arrests the appearance of the epiphyseal 
center 
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Congenital Malformations 

Aplasia and hypoplasia -The cause and patho- 
genesis of congenital deviations in skeletal develop- 


ment art not well understood Penrose stated that 
ejtperfmental infection of fertile chicken s eggs with 
virus of Influenza has produced defects in the skele- 
ton Enure bones or portions of bones in a great varie- 
ty of patterns may fail to fonn in the membranous 
anlage dunng the early fetal weeks These have been 
classified by 0 PahiUy and by Frantz and 0 RahiUy 
according to the embryonic somatic ongin of the limb 
(Pig 8 268) O Rahilly stated that the aplasias and 
hypoplasias in the major long bones occur in the fol 
lowing descending order of frequency fibula radius 
femur ulna and humerus Since the cluucal studies 
of maternal rubella by Gregg which indicated that 
maternal virus infection crosses the placenta infects 
the fetus and may produce a variety of fetal malfor- 
mations one must consider fetal virus infection as a 
possible cause of congenital malformations of the 
skeleton Leforet and Lynch descnbed defective de- 
velopment of the phalanges of the toes of a newborn 
whose mother was covered from head to foot with 
chickenpox dunng the eighth week of the gestation 
Thousands of deformed infants were bom In West 
Cemiany of mothers who had ingested thalidomide 
(alpha IN phthalinudo] glutamide) dunng the sensi 
live first tnmester of pregnancy Most of these de- 
fonned infants had phocomeha (seal fljpper) of the 
anns and legs and also accordmg to Taussig occa 
sional dysplasias of the digestive cardiovascular and 

nervous systems Phocomeha, according to ORabilly's 

classification is an intercalary deficiency of the in 
tenneditUe parts with persistence of the proximal 
and distal elements Congenital absence or hypo- 
plasia may be associated with hypoplasia and deform 
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LONQ BONE DEFICIENCIES 



AUELU COMPLETE PADAXIAL MRAX1U. ACHDRIA 
HEMIMEUA (.ULNAR) (RARIAL) 

HEMIMELtA HEMIMEUA 



fig. 9 3SS.— TypM ol uheletAl de)»ct» >n the eitremiies a« 
cord ng to the elassification of 0 Rah iiy The detects may be 
transverse or longitudinal or they may be interposed transversety 
between normal structures as a phocomelia or interposed ton 
g tud nallyas in intercalary radial hemuneiia. (f rom O AartiOy I 

It? of the first tnetscarpa] the trapezius radjus and 
phalanges of the thumb (Davison^ Symmemcal apla 
sla of the radius with congenital megakaryocytopenia 
has been found in 22 patients (Toenr) 2 exampics 
base been reponed in sibhngs a boy and girl (Shaw 
and Oliver). 

Dysmelta is a term coined by Wiedemann to mdi 
cate a spectrum of malformations charactcnied by 
Undergrowth, both partial and complete of the tubu 
lax bones of the extremities, ranging from isolated 
Penpheral hypoplasias to complete absence of an ex 
tremity The term was first appbed to the malforma 
tlons caused by thahdonude during the period 1958- 
1962. Ectromella was considered by Henkel and "il 
lert to include all degrees of hypoplasia of the radius 
and tibia with their penpheral bony rays and the 
humerus and femur Phocomelia signifies those de- 
grees of dysmelia m which there are no long bones 
between the shoulder girdle and the hand and the 
pelvic girdle and the foot Amelia includes total ab- 
sence of the extremity The new classification of "ie- 
demann (see Henkel and WUlert) gives detailed sig 
nificance to the teratologic sequences and specific 
structure losses In the distal and proximal types of 
ectromella the distal and proximal parts of the limb 


are hypoplastic In axial ectromelia the distal as well 
as the proximal part of the limbs are hypoplastic 

With increasing seventy, more pans of the bones 
become involved m the distinct sequence Henke) and 
WiUeit reported on 287 malformed children ivith 557 
defective arms and 136 defective legs In the arm, the 
milder lesions were confined to the radial ray of the 
hand. Then follows, with Increasing extent, radial 
hypoplasia and when the radius is absent or has 
fused with the ulna the humerus becomes Involved 
fn the leg, m contrast in the mild cases of dblal hypo- 
plasia the femur may also be inv olved The tibia need 
not be absent and its remnants need not be fused be- 
fore the femur becomes hypoplastic In addition, iso- 
lated hypoplasia of the femur does develop In which 
the bones in the shank and feet are not affected Iso- 
lated defects of the humerus, in contrast to the fe- 
mur have not been described. In Ixjth phocomelia 
and ameha the shoulder and pelvic girdles may be 
impaired 

Reductions m the hand and fingers depend directly 
on the degree of hi'poplasia of the arm bones The 
number and the size of the remaining phalanges is 
inversely related to the degree of hypoplasia in the 
arm The most severe hypoplasias In the hand occur 
m phocomeba The reductions in the hand begin at 
the thumb and extend progressively from the radial 
toward the ulnar sides, the index, middle and ting 
fingers may be absent m phocomelia. 

The same pnnciples apply in the reductions in the 
foot bones in dysmeba of the legs but the Inter 
dependence is much less consistent, a nearly normal 
fool may be associated with severe malformations In 
the bones of the shanks and thigh \Mien the foot Is 
affected hypoplasia extends progressively from the 
tibial toward the ubular ray Sobtary malformation of 
the ubial ray, corresponding to hypoplasia and ui 
phalangistn of the radial ray, appears to be exceed 
ingly rare. 

The malformations in dysmeba show a specific pat 
tern and obey a specific set of principles They are not 
random defects The IndtviduaJ bones vary in the de- 
grees of their hypoplasias (thumb, radius tibia, hu 
merus and femur). These malformations are classi 
fied according to the segment of the limb and the 
skeletal ports affected, the degree of undergrowth - 
(hypoplasia, partial hypoplasia and total aplasia) and 
(he presence or absence of fusion of bones On the 
basis of these cnterla, dysmelia w as described in five 
mam types distal form of ectromelia, axial form of 
eclromeba proximal form of eetromelfa. phocomelia 
and ameUa. 

In the axis ntatformatlon in dysmelia Involving the 
forearm and hand the radius and radial digits (first 
and second) are always affected Hypoplasia of the 
humerus in the axial type is never a solitary lesion 
but is combined with hypoplasias of the radius and 
radial digits The humerus radius and radial ray of 
the hand are combined In an axis malformation in 
the upper bmb This same combination may also oc 








CUT in the leg, xn which the femur, tibia ami til \ 

of the foot are hypoplastic In the severe type '’e 
ulna and fibula are the only long bones which per vt 
They are not subject to the hypoplastic tendemv i d 
are either present m toto or absent until the stag ot 
phocomeha is reached The ulna and fibula m iv 
however, show secondary changes due to absence oi 
deformity of their companion parallel bone 
Fusion of adjacent bones is another feature of dvs 
meLa. This does not signify excess of bone formation 
because skeletal elements are usually hypoplastic 
when they undergo fusion Fusion occurs m parallel 
bones (carpals, taisals, metacarpals, metatarsals r.i 
dius and ulna) or m the bones arranged longitudinallv 
(phalanges, humerus and ulna) In the leg, synostosis 
IS liimted largely to bones in the foot 
Maturation of remaining skeletal elements is char 
actenstically retarded, which is usually most pro- 
nounced m the skeletal parts nearest the defects 
Occasionally bony centers and structures which 
should have appeared dunng early childhood will 
appear much later Some ossification centers remote 
from the defects may also appear late 
In all cases of dysmeha of the legs the changes are 
bilateral In the arms this was also true, except m 14 
radial types In most cases of dysmeha the changes are 
symmetrical as well as bilateral Most patients with 
dysmeha of the arms (219 of 287) had normal tegs 7 
when the arms were phocomeUc or amelic None of 
the 68 patients with dysmeha of the legs had normal 
arms However, almost all possible corabinaoons of 
patterns in the upper and low er extremities have been 
reported, and gross exceptions should be expected in 
sporadic cases of dysmeha. The foregoing stausnes 
relate largely to thahdomide mduced dysmeha. 

Warkany and Schraffenberger produced syndactyl 
ism and osseous fusion of the humerus and radius by 
exposing fetal rats to x rays on the tlurteenth day of 
gestation Multiple malformations of the skeleton 
have been reported from the same laboratory in fetal 
tats vihose TtiDlhers were Sed a faulty diet Multiple 
congenital malformations of the skeleton in the off 
spnng of a mother who had been poisoned by coal gas 
dunng the seventh week of gestation were explained 
by Bette on the causal basis of the hypoxia to which 
the fetus had been exposed In postnatal life a great 
variety of complete and partial skeletal defects in the 
extremities have been identified, regional hypoplasia 
of the soft tissues is commonly associated (Fig 8 269) 
In some cases the hands and feet are attached di 
rectly to the trunk In amyoplasia congenita the fibu 
las and patellas may be absent The expenence In 
Germany suggests that the fetus may be sensitive to 
other drugs and possibly foods ingested by the mother 
dunng the early weeks of gestatioa 
Hyperplasia -Congemtal enlargement of bone 
tnay involve a portion or all of one extremity, and in 
some cases one half of the body (hemihipertrophyk 
Regional hypertrophy of the soft tissues Is always 
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associated Congemtal locahzed gianUsm is roost 
common m the hands and feet (Fig 8-270) 

Malsecmentatiov -The skeletal pnmordium is 
subdivided dunng the first fetal weeks, at the stage of 
chondnfication Errors in segmentation are often m 
hented they are responsible for many of the impor- 
tant congenital malformations of the skeleton, partlc 
ularly in the hands and feet (Fig 8-271) Roentgen 
exaiiunation often provides useful information for 
the plastic surgeon in the treatment of these condi 
tions Fusion of the proximal ends of the radial and 
ulnar shafts is the commonest error of segmentation 
of the large long tubular bones (Fig 8 272) Proxlrtial 
radioulnar synostosis has been found in five of nine 
cases of the excessne sex chromosomal syndrome of 
the XXXXY type and m two of the other cases there 
were malformations at the proximal ends of the 
radius and ulna on one or both sides Cleveland 
and associates on the other hand, found XYY chromo- 
somal patterns m two prepubertal boys who also bad 
radioulnar synostosis In the case of radioulnar 
synostosis of Card and Strachman, the bones were 
independent of each other at age 6 weeks and fused 
together at 6 months 

Undersegmentation or fusion of the bony anlage 
mav result in absence of articular spaces (Fig 8-273). 
this IS roost commonly found in the interphalongeal 
jomts and the radiobumeral articulations In the 
wnst and ankle the small bones exhibit a vanety of ab- 
normal patterns Failure of longitudinal segmentation 
of the phalanges is responsible for syndactylism. 

Congenital spastic flat feet -Undersegmentation 
or fusion of tarsal bones has been given the special 
designation of coalition and is often an important fea* 
ture of spasQc and painful flatfoot The fusions may 
be bony cartilaginous or fibrous, singly or in combi 
nauon Talocalcaneal coahtion may obhterate the 
subtalar joint completely or m part In some cases of 
talonavicuiar coalition the bones form a single bopy 
mass with no suggestion of a joint at their usual level 
of articulation CFig 8274) Waugh described an Inter 
esung example of coahtion between the cuboid apd 
scaphoid which caused spastic flatfoot In Lamb's 
case the talus, calcaneus and navacular were ah 
fused into one bone Inversion and eversion are usu 
ally both hmited when the tarsal bones are fused 

The Shrewsbury mark (Symphalangism) signifies 
fusion of phalanges as well as of tarsal and carpal 
bones (Fig B-275) These fusions are familial and 
genetic, in one family in Virginia studied by Cushing 
more than 25'<> of the members were affected In 
Great Bntain the descent of the phenotype has been 
traced back in several families through several gener- 
ations to the Coil of Shrewsbury, who died in 1453, h 
is behev ed that most of the cases in Great Bntain and 
the United States stem from this single source One 
pedigree of this genetic skeletal syndrome provided 
the first example of dominant Mendellan inheritance 
Jn human beings (Farabee Papers of the Peabody 
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.. < »r,T«nhP^hrews- the lO nt between the calcaneus and the cubo d and the taiosca 

Fig. 8 27S-Fam1 at congenial coal ton of to ntsOheS^^ phod |ont are obi terated In C frontal protect on ihojonts 

bury ma V) A symmet n a wh ch b nd the m ddle and lateral eune forms to the second and 

■■■' ' Ihrtfneiaiasasareobltereted Ayoungersbtng had dentf 


between the m ddle and prox mat phalanges of both hartds n a I!!!’rt'fiwwia sa Tare obi ten 
« 5 ,..,s 01 wh. had had .. n I nj.» ” "^0 S.”an5. •"« La 

The ep physeal oss f cat on centers of the m 'e ai relat ves had s m lar def c 

I nge s 2 3 and 4 and poss bly 5 fuse d * “* ’|*, ^ Pa k^r A ten Denver Colo ) 

of the correspond ng prox mat phalanges In B lateral protect 
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Ftg 8 276 - Progress ve coa ton o( the ea'caneus and cu 
bold A at 8 montha of aga the calcaneus and e«&od have sepa 
rate Independent OSS f cat on ceniers B at 3 /i years these same 
centers are almost completely fused and they were completely 
fused in rad og aphe mads at 6 years of age The coa ion n th s 
loot is assoc ated w th total apias a of the aih and Sth toes 4th 
and 5th metatarsal* and the lateral cune form 


Fig 8 277 -Sehemat edraw ng of internal oerangemeniof ih 
tarsal bones n flatfoot wtn plantar fie* on of the U'— ' 
jonf fi subtalar JO nt C ta ona» cular jo nt 
JO nt (From Haveson ) 


1 D ealcaneocubo 4 


Museum Harvard University p 3 1905) Multiple 
coalitions may be present in a single foot (Fig 8-276) 
Durutg the prefusion stage of the coalitions the 
bones are separate entities which fuse later Apert s 
syndrome (premature synostoses of the sutures and 
syndactylism and polydactyhsm) has been associated 
with carp^ and tarsal coalitions in a few cases 

Heiple and Lovejoy found bilateral talocalcaneal 
bndges one complete and one incomplete in a pre- 
Colombian Indian skeleton dating from approximate 
ly 1000 A D They concluded that the anomaly is a 
very anaent one In which the responsible genes are 
widely distnbuted among the races of man The most 
common synostosis between the carpal bones is that 
between the lunate and the tnquetrum according to 
Szalesky and associates The anomaly is usually 
asymptomatic and may be unilateral it may be spo- 
radic or famihal Hie tarsus is usually normal Pisi 
form hamate fusions were found in an incidence of 
about 0 5 by Cockshot m Ibadan he pointed out that 
the distal portion of the flexor carpi ulnaiis must have 
been cartilaginous at one time to explain this anomaly 

Congenital vertical talus (Fig 8-277) is an uncom 
mon but well known feature of severe ngid flat feet 
in infants and children It occurs in otherwise healthy 
newborns and also In assoaation with other congem 
(al malformations especially amyotonia congenita 
and spina biflda The radiologic Sndings in the feet 

Fig 8 278 -Congenial verueai talus w th severely flenened 
arvd pronated feat A the foot exiemeliy of a ch 14 8 years of aga 
tends to b» boat shaped w ih the po nt of the heel f tted The 
g eat toe is piamar fie>ed n eompeneat on for elavat on of the 
I rst metatarsal B radograph show ng the vert eal poet on of 
the talus I ft ng of lh« dorsal segment of the ea caneue and dors 
I a* on of the forefoot w th eievat on of the bases of the metatar 
sals. (From Ltcyd Robarts and Spence ) 
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F 9 8 279 —Plantar lie* on el the talus in id ©path c 
acqu red un lateral fiatfoot m a boy 4 years of age Lateral 
protect ons dur ng we ght bear ng ol A the planlarilexed 
I atfoot and 6 normal left loot The talus is rotated on its 
i ansverse a* s with its ventral end down and dorsal end up 
n compar son w tti the congen tal type ol vert cal talus in 
F gure 8-278 Ilex on ol the talus s not as marked and the 
scapho d and calcaneus have not followed the ventral end of 
the talus caudad 


aie similar m all cases and include rotation of the 
talus on Us transverse axis tov^ard a venical postuon 
^vlth the ventral end doivn equinus posiaon of the 
calcaneus and dorsiflexion of the forefoot (Fig 8 278) 
In severe cases the talus is luted up %vith the long 
axis of the tibia, and may be constncted in its middle 
Plantar flexion of the talus is also found in some 
cases of idiopathic acquired Qacfoot (Fig 8-279) but 
the talus does not reach a truly vemcal posinoo and 
talonavicular separanoa does not develop in the ac 
quired variety 

The difference in the displacement at the talonavi 
cular joint differentiates clubfoot (talipes equmova 
ms) and congenital vertical talus fn clubfoot the tai 
onavicular joint is displaced caudad and mediad in 
congemtal vertical talus it is displaced cephalad and 
laterad and the navicular bone lies an the dorsum of 
the head or neck of the talus (Eyre-Brook) The ladi 
ographic diagnosis of congenital vertical talus can be 
made conclusively only by denjonstratioii of the high 
dorsal position of the navicular on the headorneck of 
the talus 

Oversegmentaoon gives nse to supernumerary car 
pals and tarsals metatarsals and metacarpals and 
polydactylism Excessive segmentation proximal to 
the wnsts and ankles is rare 

Inegular segmentation produces a bizarre pattCTn 
of malformed small bones in the hands and feet 
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Congenital club feet (talipes e4uinovarus)is a 
common and important malformation which may be 
bilateral or unilateral It occurs approximately in J 
per 1000 births and is about twice as common in boys 
as in girls The deformity affects the entire foot and 
has three components inversion of the entire foot on 
Its longitudinal axis with the medial side cephalat) 
and the lateral side caudad (talipes) plantar flenon 
of the foot at the ankle (equinus) and adducnon of 
the forefoot on the hindfoot (metatarsus vanis) 
These deformities are all obvious and best appreciat 
ed by direct Snspectien paipation and tests ^ passn'e 
movement for function Everything which can 
demonstrated radiographically is better seen and 
evaluated by cLnlcal methods Radiographic findmgs 
are confirmatory and secondary and should be disre- 
garded if they conflict wrth the clinical findings Elab. 
orate radiographic procedures with fine measure- 
ments of the comparative relationships of the differ 
ent bones in the foot are usually meaningless and of 
ten misleading because the feet cannot be put in iden 
tlcal positions In different examinations 

The diagnosis should be made clinically in the 
newborn and it is immediately imperative to differ 
entiate the ngld clubfoot from the flexible clubfoot 
which needs only mild or no treatment This differen 
nation can be made only by careful palpation of the 


Fig 8 260 -Congen tal metatarsus varus (one tn rd clubfoot) 
(n a eoy 2 months of age The forefeet are aodueied on the h nd 
feet The d eiat ends of the talus bones a e d splaeed med ed n a 
fash on s m lar to that of flatfaet In full c ubioot the calcaneus 
rotates under the talus so that the spread between the d stal ends 
of the talus end the caleaneua olten reduced to near lero 



foot and stimulation of the peroneal muscles Radi 
ographs are superfluous in this differentiation The 
radiographic demonstration of spma bifida disloca 
turn of die hip and amyotonia congenita (arthrogrypo- 
sis) indicates a worse prognosis and more difficult 
treatment 

Metatarsus varus -The forefoot is bent mediad 
on the hindfoot in the horizontal plane only The heel 
Is m normal position as is the test of the foot Meta 
tarsus varus is sometimes called incomplete clubfoot 
or one third clubfoot This lesion should be identi 
fied in the newborn because it is obvious on mspec 
tion (Fig. 8 280) The differentiation of rigid metatai 
sus varus which needs Immediate treatment from 
the milder and more mobile types can be made only 
on careful palpation Radiographs are not needed for 
eifher diagnosis or treatment The film shows adduc 
non of the forepart of the foot distraction of the talus 
and calcaneus-the converse of talipes eguinovarus 
This deformity occurs in a vnde spectrum of seventy 
from rigid metatarsus varus to mobile moderate and 
mild degrees which recover spontaneously In cases 
of doubt no harm is done by waibng from four to six 
weeks to decide whether treatment is needed 
Calcaneovalcus foot is uncommon The defornu 
ty is the converse of true clubfoot talipes egumova 
rus The entue foot is everted instead of bemg Invert 
ed on Its longitudinal axis (valgus) the entire foot is 
dorsiflexed instead of being plantaifiexed (calcaneus) 
and the forefoot is not adducted on the hindfoot The 
dorsum of the foot lies parallel to the lateral aspect of 
the shank and the heel projects laterad The passive 
movements of the foot are free or even excessive 
except plantar flexion which is bmited by the tight 
anterior nbial tendon Radiographs are not needed for 
either diagnosis or treatment when the feet have 
been caiefuUy examined chmcally 

Exacceraied fetal fosition foot simulates the 
calcaneovalgus foot It is dorsiflexed at the ankle but 
the calcaneus Is not in valgus and the dorsiflewon 
can be reduced to 90 degrees or more by passive mo- 
tion Hus is not a ngid deformity but is a funcnonal 
shortness and ughlness of the antenor tibial tendon 
due to excessive dorsiflexion of the feet in utero Radi 
ographs are not essential in diagnosis or treatment 
Cavus foot (see Fig 8 644) is discussed m the sec 
(ion on weak feet 
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Aplasia and hypoplasia of the fibula -The 
fibula of all of the larger tubular bones is the most 



frequently absent or too smalL The hbul-r aj. i 
syndrome includes absence or hypoplasia of the f a 
with \entral and medial bowing of the compai 
biaand pittingof the skin over the summit of the t oal 
boivings talipes equinovalgus absence of one r 
tno of the lateral ra)s of the foot and absence or 
fusion of one or more tarsal bones This piiniars 
pattern may be altered and the syndrome mav sary 
from mere hypoplasia of the proximal end of the 
fibula to total aplasia of the fibula and multiple mil 
formations and deficiencies m other bones The ipsi 
lateral femur is usually shortened and deveiopmei 
IS retarded in the proximal end of the femur and i 
opposmg ihum 


refepence 

Coventry NL B and Johnson E U Jr Congenital ab ence 
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Aplasia and hypoplasia of the tibia which aic 
about five tunes as common on the right as on the left 
side are rare defects About one-quarter of the cases 
are bilateral The associated foot is commonlv de 
formed m an equinovarus pattern the foot may con 
tain all of its components or the toes and metatarsals 
may be aplastic hypoplastic or fused and in excessive 
number The muscles of the shanks are grossly deh 
cient and cutaneous dimples are present Congenital 
dislocation of the hip atresia am cleft palate and 
fiypospadius have been associated m some patients 
Hemivertebrae have been present m a few of our pa 
Rents 
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Fig 8 28-1 - Congen tal b lateral hypoplas a ol Ihe lemurs ol 
an nfant 4 days of age A both ffi gfis are shortened the p o* 
mal end of the ngbt femur was palpated cephalad to Ibe acetabu 
lum S Jhergfrftemrrs rws We iWJvse a? s not yet m nera 
ted the rool of the nght acetabular cav ty is hypopiasi c— adys 
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Aplasia and hypoplasia of the radius are Usu 
ally associated with radial deviation of the hand (see 
Fig 8 269 D) The first metacarpal and the Pha 
langes of the thumb may also be hypoplasticor absent 
Similar deformities develop in association with hypo- 
plasia and absence of the ulna, but the ulnar club 
hand is deviated to the ulnar side and the third 
lounh and fifth fingers and third fourth and fifth 
metacarpals are small or absent According to the 
classification of Frantz and O RahiUy the plane of 
demircation between radial and ulnar hemimehas 
runs through the longitudmal axis of the second digit 
see Fig 8-268) 

Judith and associates descnbed nme patients vvitb 
he svndrome of hypomegakaryocytic thrombocyto- 
penn and bilateral absence of the radius (TAR) in 
three unrelated families and four other single pa 
tients n unrelated families In their survey of the lit 
era ure they found twenty seven additional examples 
of ih syndrome Most of the bleeding episodes oc- 
un d dunng the 1 st year of life although late bruis 
I ind menorrhagia were common Occasionally 
lo e bones in the arms other than the radius were 
ab$e u but in all cases the fingers and thumbs were 
i resent 

Aplasia and hypoplasia or the femur gives hse 
to narked external deformities wjth shortening of the 
hjch (Figs 8-281 and 8 282) it may be unilateral or 
bilateral and associated with congemtal dislocation of 
the tup or congemtal coxa vara. Golding showed in 
loUow up studies that the congenital short incpm 
pletely mineralized and bowed femur of the neonatal 
period later exhibits congemtal coxa vara when the 
proximal bent end of the femur becomes nuneralijed 
and visible roemgcnographically (Fig 8 283) 

Ulnar dimelia or double ulna is much less com 

piAS a cha aclensi c ol congen tal d sioeat on of the h p The lelt 
femur $ short and bent is proi mal end s not m ne al red and 
p obably s deformed m a congen tal coxa vara deform ty The 
left acetabular cav ty s normally deep end ts roof is not dyspias- 
ic. 





Fig 6 212 — Prenatal bowing of the femurs which are also 
hypoplastic with transverse fracture and pseuOarthrosis at the 
crest of the angulaton in the left femur The patent a riewly 
born infant was normal otherw se (Courtesy of Or Gene Trlano 
Harrisburg Pa} 


Fig 8 283 —Congenital short femur w th congen tal coxa vara. 
A early stage in which the proximal end of the femur is not m n 
eraiized 8 later intermediate stage w th partial mmeralirat on 
of the femur C, later stage w th more complete m neralizat on of 
the bent femur in wh ch the coxa vara deformity is v s bis (From 


Gold ng ) 


Rg 8 284 -Ulnar dmelia In the left forearm of a man-years fvnafe and trapezoid are solitary But eng ps term la evident on 
old who was born with seven f ngers and no thumb in the left the reader a left Thera are savert metaearpala two each of the 

hand the fight forearm and hand were normal in A. two oinas third fourth and Mih and a single second metaearpal All of the 

wth well developed olecranon proeassas artcufale wth the f ngers had three normal phalanges Movements at the wnet and 
humerus which has no cap tuium me there are nine carpal imgetswerel mned (Figs 8 284and8 2eSfromHarrsonefa/> 
bones the capitaies hamates and triguetrals *'« paired The 
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mon than absence of the ladius and ulna. Nine exam 
pies had been descnbed xn which both bones in a sin 
gle forearm were ulnas prior to 1960 when three 
new examples were reported Usually there are seven 
digits but no thumb (Fig 8 284) The carpal bones 
were excessive m number, tvith double sets on each 
side of the hand which included tnquetral capitate 
and hamate bones The trapezoid lunate and pisiform 
were smgle in each wnst In a young patient 4 years 
of age, maturation was advanced (Fig 6 285) In the 
remarkable patient of Launn and colleagues both 


radiuses were absent and there were two ulnas in 
each forearm and both bbias were absent and there 
were two fibulas m each shank 
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Fig. 8 286 -Protrusion of fetal pans througn the amniotc 
Rtemorane as a cause of congenital contraction rings m the 
extremit es. A, schematic drawing of the hypothet cal fetal posi 


lion with the ammetie membrane cross lined B, actual deformh 
ty of the protruding toot and enhle in photograph (From 
Browne ) 





532 , SECTIONS TI,e 



!l«y 0* n/ ^ * P'W’fog aph ol the shanks B ad eg aph of left shank made the 6th 


PJntlUf D el ol DoubJe ulna tvli}) symmetrical polrdactflr 
Case report J Bone & Joint Surg 46-B 69 1964 
Sandraw RE et ot Hereditary ulnar and fibulardimelia 
with peculiar /acies, J Bone & Joint Sarg 52 A 367 
1970 

fiffrt? eoN^lweTfo^s or the ExrREMmes were at 
one time bcbeved to be due to contracting ammocic 
adhesions but a more reasonable explanation ap- 
pears to be localized focal deficiencies (Streeter) pos- 
sibly due to localized ischemia. Penetration of the 
amniotic membranes by various parts of the fetal 
body-digits Lmbs or other parts -causes nng de- 
fects the edges of which produce ring constrictions 
on the protruding parts (Fig 8 288) In Cyptas pa 
tlent a large constnction nng encircled the pelvis In 
the case of complete prenatal amputation the ampu 
tated part is found loose in the araiuotlc fluid com 
pJeteJy separated from the deformed stump In the 
case of incomplete amputations there are deep sear 
ring circular furrows in the soft tissues sometimes 


with constnction of the underlying bone at the same 
level (Figs 8 287 and 8 288) 
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CoNGEKiTAL pszvoARTHKOsis IS a zoro patbolog c 
fracture which is followed by nonunion and false 
motion at the site of fracture The pnmaiy lesion ts 
localized fibrous degeneration of bone of unknown 
cause Tlie fracture and pseudaithrosis are not neces 
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Fig e 289 -Fibrous dysplasia (microscopic diagnosis) m th« 
t bia 24 hours attar birth A. (rontal and B, obtigue projection 
The medullary cavity is d lalad by a huge radio'ueenl mass with 
thin Overlying cortical waM which has been oroken m at least two 
sites (Courtesy ot Dr BoydG Holbrook Salt Lake Oty Utah) 


sanly present at birth but usually appear during the 
first eighteen months of hfe Lloyd Roberts and Shaw 
pointed out that the cafe-au lait patches in the skin 
and nodular neurofibromas often are not present at 
bmh and their absence during early infancy is not 
conclusive evidence against the diagnosis They ad 
vised early bone grafting to prevent fracture and 
deformity The principal external deformities are 
antenor angulation of the shank, usually near the 
junction of the distal and middle tibial thirds and 
shortening of the part The tibia is the most commonly 
affected bone, but pseudarthrosis has also been found 
in the fibulas, clavicles and femurs In some cases the 
complete picture of pseudarthrosis is present at birth 
in others there is no deformity at birth and the frac 
ture and deformities develop later One should differ 
entiate congenital and infantile pseudarthrosis Scott 
described a patient who exhibited locahzed fibrous 
degenerauon of the tibia on the I4th day of hfe but 
did not show fracture and pseudarthrosis m the fibula 
until 12 months later, and in the tibia until 30 months 
later Fetal pseudarthrosis and fetal bowing of the ti 
bla may develop In the same ubia independently of 
each other Accordmg to McFarland, fetal fracture is 
exceedingly rare, if it ever occurs, he believed that it 
should be classified as a faugue fracture The break 
may take place during or immediately after birth, or 
several weeks or months later Aegcrter. among s^ 
eral others, emphasized the importance of neurofibro- 



F)g a-290 -Congenital psuedarthrosis the early primary fi- 
prous lesion (arrows) on the t4th day of life before Iraelure The 
distal ends Of the tibia and f bula are bent laterad and probably 
venirad fractures and pseudarthrosis were not ident Ned m the 
fibula uni 1 12 months later and in the tibia until 20 months later 
(From Scott ) 


matosis in congenital pseudarthrosis Boyd and Sage, 
on the other hand, believed that pseudarthrosis of the 
congenita) type and associated with a local cystic de- 
fect 1 $ due basically to local prenatal fibrous dysplasia 
(Fig 8-289) 


Fig 8 291 -Congenital psuedarthrosis of the tibia in a newly 
bom infant There is a tong radiolucent fibrous segment which Is 
br^en m its upper levels Ar^gulai on is Just beginning to de- 
velop The dstat fragment is pointed and sclerosed at its upper 
end The proximal fragment is cupped at its lower end and the 
cup Ills over the point to form a false joint The fracture and its 
delormity are secondary to the (ibrosis which must have begun 
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Van Nes separa.ad Ihe lesion Into Unea clndo,, 
twes Iho tmo consenllal pseudarthroses which a2 
present m the tibia at binh the pseudarthroses that 
follow spontaneous fractutes through cystic lesions h 
t^he tibia after birth and Pseudarthroses which resuu 
Irom postnatal or congenitally weak sclerotic anJ 
curved tlbias In each of these the pseudarthrosls tt 
secondary to congenital segmental dysplasia of tlj- 
tibia which is too weak for ordinary stress of fetal aju 
early postnatal life 


Roentgen examination early discloses the primary 
change-the radiolucent area of fibrous degeneraiiOh 
In the affected shaft (Fig 8-290) Following the frac. 
ture a line or band of decreased density is seen be, 
tween the ends of the fragments the tissue responsi 
ble for this shadow is avascular connective tissu^ 
which permits motion between Ihefyagments During 
the later stages of pseudarthrosls (Fig 8-291) the dis 
tal end of the proximal fragment is sha^jted an<? 
becomes sclerotic while the proximal end of the dista) 
fragment is deformed into a wide shallow cup Prog 
nosis is bad in untreated patients Colanna stated 
that surgical treatment is rarely successful In pa 
tlents younger than 6 years 
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Fanconi syndrome consists of the basic elements 
of anemia leukopenia and thrombocytopenia and a 
number of inconstant anomalies The most common 
associated anomahes in the skeleton include aplasia 
and hypoplasia of the thumbs and first metacarpal 
bones absence of the calcaneal bones syndactylism 
microcephaly and ectopia of the external auditory 
canals A second and entirely different Fanconj syn 
drome is charactenzed by cysfinosis and refractory 
rickets often of the most severe type 


REFERENCES 

Fanconl G FamJUare infantile 

(pemizioses Blutbild ond KonsUludon) Jahrb / Kfaiderb 

Kuni^H^W^ H^popUsUc 

defects (Fanconj syndrome) Pediatncs 10 286 195Z 


Prenatal bowing of long bones -Faulty fetal 
rositlon is an important cause of a vanety of congciu 
S ralforenatious of Ibe hbiul u«k aud reunk .uch 
depieaslona of (ho caloana, 
of the face hypoplasia and asymmetry of (he man* 

b e coSenitdlorucollis and locahzed depressions of 



dislocation of the hip postenor dislocation of the knee 
and clubfoot may all result from cramped fetal posl 
tions in which Ihe supporting tissues of the joints the 
muscles tendons and amculai capsules are over 
stretched. Locahzed defoimiaes of indindual bones 
from faulty packing of the fetal extrenubes are not 
uncommon antenor abial kyphosis is the most com 
pletely studied of these types of lesions The bones of 
tbe arms are said to be rarely affected by faulty fetal 
posture We have seen one example of prenatal bow 


Fl9 S 293 -Prenatal bow ng Of tba legs on Ihs17ih day of Me 
Both th ghs are aymmetr cal y bowed laterad Tbe ngbt shank is 
bowed laietad and ventrad but Ihe leh shank is straght Bowing 
deform I es were also p asentinlhearmsandfo earms 
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Fig S 294 (Isn) -Prenatal bowing oi the long bones ot an in- 
fant 5 daya of age At tbe right humenjj is bowed and thickened 
the bones of the forearm are thickened m ihe<r middle thirds 9 , 
both femurs are thickened and bowed laterad both libias are 
thickened and bowed laterad and ventrad with the tibia) changes 
greater on the leftside 

Fig 8 295 (right) -Schematic drawing of the left tibia and fib- 
ula olFigureS 294 Thetibiaisbowedlateradandthecorticaiwafl 


on the Inside of the curve la greatly thickened internally with cor- 
respond ng decrease m volume of (he medullary cavity The corti 
cal wall on the outside of Ihe curve is thin In the fibula there Is a 
double curve and ihe cortical segment on the inside of each 
curve IS thickened internally Internal thickening of the cortex on 
the concave side of the curve is eharaetenslic ot all prenatally 
bowed bones 


Fig. 8 298 —Schematic drawing of probable faulty feial posi 
tions responsible for prenatal bowing A, normal fetal position B. 
abnormal fetal position each hand impinges on Its opposite 
humerus and each foot on Its opposite femur in a fashion which 
makes possible the transmission of the uterine forces through 
the impinging part onto the humeruses and lemurs and causes 
mechanical pressure effects in the bones bowing and cortical 


thickening C. simfar to B except that the right shank is folded 
over the fell one ■! Is this d fference in position of Ihe two shanks 
which IS responsible for Ihe asymmetnes in the bovvings and 
thickenings of the twotibias In this case Ihe right tibia would be 
bowed laterad and ventrad because the right bbla Is folded over 
the left one 
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Fig. 8 297 -Schema! c dag am of the pressufe and tens on tummiof the bony curve and the ote ne wa unde goes pres- 

wh ch opera e on the tubu ar bones n prenatal bow ng The heel su e at of»>y and d mp es CF comp ess ng fo ce of feta pan P 

t ransm ts a compress ng fo ee to the rea wa I of the femur and p essu e on the near wa of the bony tube T tens on on the fa 

bends and th ekens the femu at the a ta of the p essu a mpact wat of the bony lube TB tubus bone Sk sk n Vt w uenre 

The far wa I of ihe curve howeve Is under tens on and s wa 
Ih nned rather than th ekened The sk n caught between the 


ing of the radius hypoplasia of the companion ulna 
and pitting of the sldn associated with radiobumeral 
synostosis (Fig 8 292) This suggests that faulty fetal 
position may also be a causal factor in the fusion or 
failure of segmentation of fetal joints 
Prenatal symmetrical bowing and thickening of the 
humeruses and femurs with asymmetncal inconstant 
bowing and thickening of the bones of the shanks and 


forearms (Figs 8*293 to 8-295) have been descnbed 
(Caffey) all apparently secondary to faulty packing 
and molding of (he fetal extremities in the uterus 
(Figs 8 296 and 8-297) In one ofour patients the nbs 
as well as the tib as and one femur were bowed (Fig 
8-298) Associated cutaneous stigmas of pressure 
dimples and pits in the skin (Fig 6 299) are often 
present they are usually located over the summits of 
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Fig. 8 300 -Prenatal bowing of the tbia showing the 
gradual regression afterbirth w thout treatment ofthe 
bowing and thicken ng until nonnal confomiation and 
proper cortical th cknesses are atta ned A 4 days of 
age B 6 weeks C, 7 months D 24 months 




the curvatures In the deformed bones The prenatal 
bowings and thickemngs tend to regress shortly after 
birth, In some cases regression ts complete by the end 
of the 2nd year (Fig 6 300) but m others marked 
bowings have persisted as late as the 7th year (Fig 8 
301) It 18 probable that the more severe deformities 


of this nature may persist into adult life In Gordoii's 
patient the prenatal crossed leg position of ‘ comfort ' 
persisted as late as the 12ih postnatal month (Fig g. 
302) In Weller s case of hypophosphatasia of the 
newborn multiple symmetrical dimples of the slijn 
were present in the forearms and shanks in the ^b- 
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Fig 8 302 - Prenatal bowing of Ifie t bias at the 
12th postnatal month A photograph of tha bowed 
shanks in approx malely anatom c pos t on B 
spontaneous ma ntenance of or g nal fetal eross 
legged pos t on wh eh is probably a long stand ng 
pos t on of comfort (From Gordon ) 




sence of bowing of the underlying bones The dimples 
do not appear to regress with advancing age In retro- 
spect it is clear that prenatal bowings of the bones In 
the extremities have been confused with rachinc 
boivings in some cases 
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Congenital Intrinsic Dysplasias 

Congenital cartilacinous dysplasias -Achon 
droplasta -Hus is a generalized symmetrical disease 
of Che skeleton in which longitudinal interstitial 
growth of epiphyseal cartilage is decreased and lati 
tudinal appositional growth of epiphyseal caroJage is 
not affected Subpenosteal bone formation is also not 


In microscopic studies of specimens from tbe carti 
age run of the iliac crests and the proximal cartilage 
dates of the fibulas of seven living typical aehondr^ 
•lasts Ponseti found normal cartilage in the growth 
dates of the iliac crests In the fibular growth plates 
Mjwever growth was stunted and the proliferating 
artilage cells were disposed in clusters which w^ 
eparaied by wide septums of fibrous matrix the re- 
olSon of wh.ch WPe™l » >« >>»'’ “"f " 

hmom and associates made siimlai studies at th 
lemal ends of tbo nbs aod Ibo 1100 ere.ts and foood 
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ot long bone of rat stained with hematoxylirv^osm C, rad o>^u 
tograph ot a section of long bone ot a rat treated intrapenttjn 
eaily with large doses ot "S a eartiiage-seeVing isotope which 
shows maximal localizat on in resting and proiiterative can lage 
In contrast to A, there is no deposit on in the provis onat aones ot 
celcifieat on or metaphyseal bony latt ce (Figs. 9 304 and 9 3o$ 
courtesy ot Dr Philip Fubin Rochester N V) 


regular well organized endochondral bone formation 
They concluded from the nearly normal findings that 
the basic causal mechanism at these sites in achon 
droplasts is a reduction tn the velocity of longitudinal 
growth These two important studies indicate that 
samples of bone used for diagnosis in achondroplasia 
should not be taken from the iliac crests the sternal 
ends of the nbs or the proximal ends of the fibulas 


Fig B 305 -Radiographs of pelvis and legs of A, a rat treated 
with eartilage-seek ng isotope "S which shows shortenings and 


Achondrogenesis is thought by some to be a sepa- 
rate entity, radiographically. It appears to me to be a 
severe typo of thanatophoric achondroplasia. 

The tubular bones are short and proportionately 
thick These pnmary disturbances m cartilaginous 
growth result in shortened, boived extremities a rel 
atively elongated trunk a large head ivith flattened 
nose and prominent buttocks caused by an upward 
tilt of the sacrum (Fig 8-303) The cause of fetal 
achondroplasia is unknoivn, instances of familial 
transmission have been recorded Inheritance is pri 
manly dominant, but occasionally other types occur 
Phenotypic achondroplasia is a remarkably consistent 
syndrome which results from the action of a single 
mutant gene, about 90% of parents of achondroplasts 
are normal Matings between achondroplasts and 
normals have resulted m about 50% achondroplastic 
offspring 5Con acAomfropfastic parents rarefy haie 
had more than one achondroplastic oifspnng Two 
achondroplasts mate only rarely Infants bom of such 
matings usually have severe skeletal changes and die 
during the first iveeks of life (thanatophonc achon 
droptasia) Duraiswami produced an achondropla 
sialike disorder in chicks by the injection of msulm 
into the yolk sac on the fifth day of incubation and 
also by the injection of thallium on the fifth day In 
Rubin’s beautifully designed expenments inth the 
radioactive isotope of sulfur (”S) which was injected 
in large doses Into the pentoneal cavities of rats 3 
weeks of age achondroplasiahke changes were pro- 
duced consistently in the long tubular bones (Figs 8- 
304 and 6-305) He produced similar but hyperplastic 
achondroplasiahke changes by carefully controlled 
external irradiaoon of the proliferative cartilage 
zones m long tubular bones 

Kaufmann dilTerenuated three types of achondro- 
plasia m fetuses and newly bom infants according to 
the changes in tbe cartilage In the hifpoplastic form 
which IS the most common each metaphysis shows 


deform lies in the long bones similar to those ot human achon- 
droplasia B, control untreated I tier mate 
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an approximately uniform diminution In carulagi 
nous proliferation, in the fii/perp/astic tjipe dunio 
Ished cartilaginous growth Is irregular, resulting m 
thick, broad, mushroombke terminal bony segments 
which overhang the middle portions of the shaft this 
hyperplastic form is much commoner during the first 
months of life than later The rare ntalacic type is 
charactenzed by softening of the cartilage this Is a 
pathologic rather than a climcal entity 

Langenskiold believed that the growth disturbance 
in achondroplasia is due to the formation of a penos 
teal disk in the metaphysis of each bone— a metapla 
sia of the local connective tissue so that compact 
bone is formed prenatally within the epiphyseal plate 
by cells which normally migrate from the center of 
the cartilage and usually do not take on bone-forming 
properties until they are incorporated into the penos 
teum as osteoblasts 

Transverse fibrous and bony bands were produced 
experimentally in the roeiaphyses of growing rabbit 
bones by Trueta and Tnos by the application of pres 
sure longitudinally on the ends of the bones These 
bands are similar to those which are found in the 
raetaphyses of achondroplastic human bones and 
they raise the question of the causal relationship of 
excessive pressure in utero and the development of 
achondroplasia in the fetus 

The roentgen features of the hypoplastic type are 


shown m Figures 8 306 to 8-308 The tubular bones 
are short but them cabber is approximately nonnal 
The corticahs is normally thick the medullary canals 
and spongiosa are not affected. The tuberosities for 
muscular attachments are enlarged and the normal 
curves exaggerated The epiphyseal plates are smooth 
or only slightly irregular In the distal ends of the 
femurs and proximal ends of the tibias the epiphy 
seal ossification centers are somenmes partially bur 
led m the shafts owing to margmal overgrowth of the 
ends of the shaft around them This causes a cupped 
or ball and socket appearance of the metaphyses at 
the knees The fibula is frequently proportionately 
elongated in comparison with the tibia the excessive 
caudal extension of the fibula may cause inversion of 
the foot and serious disability which requires osteoto- 
my of the fibula for correction The epiphyseal osstfi 
cation centers appear late and are small dunng early 
life The hands and feet are broad and stubby, the tn 
dent deformity of the digits may or may not be pres 
ent, the carpals and tarsals are often quite irregular 
In outline 

Hypochondroplatta is a type of short limbed dwarf 
ism m which there is only sbght climcal deformity 
and moderate dwarfism with some features which 
suggest achondroplasia. Some patients are said to 
lack rhizomelia or root shortening of the extremities 
which IS one of the cardinal signs of typical achondro- 


Fla 8 388 -Typical sevara aetionefoplas » in » boy 6 yasts «t 
sge In the legs (A) the long tubular bones are shortened with 
relat vely greater shortenings ol tne femurs man of met bias The 
I bulas are relatively overlong In compenson wih met taw end 
they overlep the tibias In Ihe ankle All the ends of the shahs ate 
cupped end their ep physeal ossification eerrters I il the cop m e 
Shallow Ball and socket pattern The ap physeal ossification een- 
ters are ell small The arrows po nt to local rarefaction of the 



temnnai segments of the t bill shafts at the knees due to shal 
lowness of the t siai sneits at this level In 6 s m far ehangea a e 
evident in the arm where the humerus is disproportionately 
shoilened in relat on to the shortened bones of the forearm The 
enow IS directed at the sharp protect on oil the prox mal end of 
me ulnar shaft This leature is a common one wh ch has not oiu 
ally been descr bed in eehondropiasia 
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Rg 8 307 —A, deformity at the proximal end of the growing shaft m its ventrodorsal axis and accounts for the rarefaction of 
ulnar shaft of an achondroplastic boy 6 years of age B, the ob- the proximal ends of the iibial shafts In frontal projectiort (see 
I que face of the ventral edge of the proximal end of the tibiai Fig 8 306 A) 

Shalt which reduces the diameter of the proximal end of the tibial 


Fig 8 308 -Cupp ng of the melaphyses of the femurs at the 
knees and the tibias at the ankles )n an aehondroplast c boy 6V> 
years of age In add tion to cupping of the metaphyses the bortes 
are short the metaphyses are widened and the epiphyseal ossili 
cation centers are overlarge and bulge into the cupped meta 
physes. The epiphyseal ossificat on centers fuse prematurely 
with the cupped metaphyses Sim lar changes were present in 
the rad us and ulna at the wrist and in the humerus et the shout 
der on both sides 



plasia, and other secondary relatively unimportant 
achondroplasDC features such as depression at the 
base of the nose and tndent hands liie latter are. of 
course, not present in many classic achondroplasts 
Clinical diasnosis is said to be especially difficult in 
the newly bom. The most diagnostic radiographic 
features are said to develop in the extremmes, even 
there, however, the radiographic changes are said to 
be absent during infancy and early childhood The 
ratios of the lengths of the tibia and femur and the 
radius and humerus in older children disclose usu 
ally, but not invariably, mild mesomebc shoitemng of 
the nuddJe segments Elongation of the fibula, short 
ening and flaring of the ulna and cupping of the dor 
sal edges of the vertebral bodies are believed to be 
earhesl radiographic changes Owing to the vague- 
ness of both clinical and radiographic signs of this 
entity, it probably will continue to be considered a 
vanadon of normal or mild type of achondroplasia, by 
many A sufficient population has not been adequate- 
ly studied for establishment of satisfactory diagnostic 
cnteria. Kozlowski pomted out that the absence of 
mixed examples of achondroplasia and bypochondro- 
plasia In the same famihes favors the argument that 
bypocbondioplasiaia an independent entity and not a 
imld phenotype of achondroplasia. It should be em- 
phasized that from the radiographic findings alone, 
the conclusive differentiation of achondroplasia and 
hypocfaondroplasia is exceedmgly difficult, if not im 
possible, in many young patients 
A feature of achondroplasia which has generally 
been overlooked is the disproportionate elongation of 
the hands and feet in relation lo the rest of the ex 
tremides. This is due to the large amounts of carti 
lagein the carpal and tarsal bones and in the ends of 




the mctacarpals metatarsals and the phalanges The 
spine Is reUnvely elongated for the same reason-cJie 
excessive amounts of cartilage m the many vertebra] 
bodies 

The distinctive features of the rarer hyperplastic 
type are the wide flaring of the ends of the shaft and 
the funguslike irregularities which project from the 
terminal margins The margins of the neighboring 


epiphyseal ossification centers are usually smooth In 
contrast with the tufted edges ofthediaphyses 
In many cases the radiographic changes in the pel 
VIS and lumbar spine (Figs 8 309 to 8 311) are highly 
diagnostic and helpful in differentiating achondio- 
plasia from such diseases as hypophospbatasla meta- 
physeal dysostosis juvenile nckets and gargoylism 
In actual practice the diagnostic problem of achon 
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Fig. 8 310 -Comparison of normal and achondroplastic lun>. 
bar spines in traemgs of rad ographs made in frontal proieclion 
al 24 months of age The normal spina (lares from top to ^ttom 
and the L S segment is the widest the aehondroptast e spine 
tapers from top to bottom and the L 5 body is the narrowest The 
numbers on each space measure the mierpedicufate space m 
each segment which is a measure of the transverse d ameter qi 
the spinal canal at that level in the normal spme the spinal canal 
IS widest at L S in the achondroplastic spine in contrast Ine 
spinal canal is narrowest at the L S segment 


droplasia is most crucial and most frequent m (he 
newly bom infant (Figs &-312 and 8-313) 

In the most severe type of fetal achondroplasia, (he 
shortness of the nbs and the smallness of the thoracic 
cage cause crowdmg of the lungs and interfere mth 
their normal expansion This in turn impairs normal 
oxygenation of the blood induces dyspnea and hypox 
la and often death within the first hours of life In 
some cases respiration does not begin and the infant 
is bom dead (see discussion of thanatophoric dwarfs) 
Impmgement of the edges of the small foramen mag 
num on the medulla is also an important cause of early 
death especially in prenatal deaths 
According to Cohen and associates the most imptn 
tant neurologic compbcations of achondroplasia are 
moderate communicating hydrocephalus and com 
pression of the spinal cord from kyphosis at the level 
of the L-I2 and 8 I segments 
The cupping of the metaphyses In many younger 
achondroplasts (Fig 8 308) suggests Impairment of 
the arterial blood supply to the epiphyseal arterioles 
which supply the longitudinally growing cartilage m 
the cartilage plate, this impairment being due pnm^ 
lly to congenital hypoplasia of these arterioles it 
seems hkely that this mechanism of the obgemia of 
the longitudinally proliferating cartilage is the funda 
mental cause of achondroplasia and several other 



Fig B 311 -Companson of normal and acbonoropfastic 
spines m tracings of radiograpbs made in lateral projection at 24 
months of age The pedicles are shaded and at all levels are 
Shortened to less than one-haif in the achondropiasl which indi 
cates that the spinal canal is flattenad to less than ene>'hal( its 
normal depth The dorsal edges of the achondropiasl e bod as 
are slightly concave The ventral ends of some of the vertebral 
bodes in the achondioptast are rounded into bullet nosed de- 
formities The miervenebral spaces are deeper and the vertebra) 
bod as smeller m the achondropiast 


cartilaginous dysplasias characterized by longitudi 
nal undergrowth of bone 

Afelatrophic duarfism is a term designed by Mar> 
leaux and associates to name a type of short Umbed 
dwarf charactenzed by wide flaring of the metaphys 
es (Fig 8-314) in which longitudinal cartilaginous 
growth is retarded but latitudinal cartilaginous 
growth is excessive In the newborn the most conspic 
uous changes in the long bones are the wide barings 
at the metaphyseal levels with shortening cupping 
and termmal flarings of the tiumpetbke expansions 
The ossification centers for the vertebral bodies are 
mere transverse stnps of calcium density between 
deepened radioiucent intervertebral spaces Mild 
kyphoscobosis is present at birth and becomes pro- 
gressively more severe with advancing age despite 
treatment. The spmal canal in the lumbar levels does 
not taper progressively as is the case in the typical 
achondroplastic lumbar spine The pelvic bones show 
achondtoplasialike changes shortening of the Uia at 
their bases with deepening and narrowing of the 
sciatic notches but little or no change in the ischia 
and pubic bones The skull, however is normal Ac 
cording to Larose and Gay, with advancing age the 
long bones grow more rapidly than would be expected 
in achondroplasia and (he kyphosis becomes more 
pronounced so that the patient who was a short 
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Fig 8 314 — Hyperplast c tiar ng achandroplas a al 6 days o( 
age (metatrop c d«vad sm) A shorten ng and flar ng ot the con- 
vex ends of the shafts n the arms and legs The d spropoil onate 
ncrease n the transverse d ameters of the ep physeal carl tapes 
and metaphyses and ends o< the shafts is the most str k ng de- 
form ty in the shortened long bones The tubular bones m the 
hands are unusually large B severe vertebral plana n the Ihora 
coiumbosacral segment w th rec procal deepen ng of the nter 
vertebral spaces The sp nal segments are not flattened only the 


OSS I cat on Centers of the bod es are flattened The tst cerv cal 
segment is d splaced forward Th s d splacement probably Cbrrv- 
presses the cerv cal sp nal cord and contr butes to resp ralpry 
talure muscular weakness and early death Absence ot kypho- 
scol os s ts noteworthy C the small cal ber thorax s due to un 
dergrowth of the r b$ wh ch is also an important factor m early 
death The sternal ends of the r bs are w dened 0 normal skull 
The lack of severe vertebral flatten ng n the cerv cal sp ne is well 
shown n th s 1 1m a so 


limbed dwarf wlh a relatively long trunk dunng the 
first months of life is converted into a relatively long 
bmbed dwarf with shortened kyphoscohotic trunk. 
Knock knee is usually severe and persists despite 
treatment Skeletal maturation is normal or slightly 
delayed 
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Spondyloepiphyseal dysplasia (pseudoachondro- 
plasttc type) is the name given by Lamy and Maro- 
teaux to a syndrome m three dwarfs who resembled 
achondroplasts but differed from achondroplasts 
in these respects onset of dwarfism was delayed 
beyond the 20th month noninvolvement of the head 
and face more severe and more irregular changes 
In the metaphyses and the epiphyseal ossificanon 
centers of the long bones and irregular hypoplasia 
of the bodies of the vertebrae which resulted m 
wedge-shaped bodies with a central anterior exten 
Sion in the lower thoracic and lumbar levels These 
patients appeared to be of normal stature and free 
from deformities until late in their 2nd year Lamy 
and Maroteaux pointed out the difficulty of differ 
entiating their syndrome from our cases of hyper 
plastic achondroplasia. In our cases of hyperplastic 
achondroplasia the dwarfism develops in utero and 
is weU advanced dunng the early months of hfe 
(Fig 8-315) The spine is affected commonly m clas 
SIC achondroplasia at birth (see Fig 8-313) and the 
epiphyseal ossification centers are hypoplastic (see 
Fig ^306) and may be irregular (Fig 8-316) For 
these reasons we prefer to call the irregular types 
of achondroplasia, hyperplastic achondroplasia, rath 
er ihan spondyloepiphyseal dysplasia (pseudoachon 
droplasQc type) When and if it is proved on vabd 
evidence from both cluucal and radiographic exam 
inations that there is an achondroplasialike disease 
which begins after birth and as late as the end of the 
2nd year such cases should be considered entities 
separate from both standard achondroplasia and the 
hyperplastic type of achondroplasia. 

Ford and colleagues described three dwarfs who 





Fig 8 316 -Achondroplasia caicilicans congamta m an inlant 
S days old All of the talus the margins of the eatcanaus and 
metaphyses of the tubular bones show characienstic irregular 
spotty and stringy sclerotic calcification Maturation is retarded 
and the tubular bones are short and heavy 


resembled the pauenis of Lamy and Maroteaux in 
several features 

Maroteaux and associates attempted a new and 
more elaborate classification of the spondyloepiphy 
seal dysplasias in 1968 They pointed out that in 
this group, most patients are normal until after the 
2nd year of life They arbitranly excluded several 
spondyloepiphyseal diseases from the classification in 
which vertebral, epiphyseal and metaphyseal lesions 
were present The diseases which are included are 
divided into three sections dependent on the predomi 
nance of involvement of the epiphysis or vertebrae or 
metaphyses The authors pointed out the many dilfi 
culties in their classification Some of the cntilles m 
eluded do not really qualify neatly for their design 
The criteria for differentiation of the various entities 
are vague and the radiographic differences In differ 
ent supposed entities are those of degree and position 
rather than of quality The fact that m some of these 
diseases the sites of the diesase and their nature 
change ivith advannng age also invalidates their 
accurate classification or even the diagnosis of spun 
dyloepiphyseal dysplasia. Until larger populations of 
patients with these diseases are studied more ade- 
quately from climcal. radiographic, metabolic and 
genetic standpoints it is unhkely that elaborate clas- 
sifications of these Indefinite entities wiU be helpful 
in their radiographic identification 

In 29 patients who had spondyloeptphyseol dyspia 
sfa congenita, according to the standards of Spranger 
and Langer, small stature was consistently present 
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and present at birth Already at birth ossification of 
the bones in the extremiUes, pelvis and spine was 
retarded Dunng later childhood the metaphyses Vere 
affected, often severely, which suggests that a niore 
adequate name for this entity would be spondyl(>epi 
physeometaphyseal dysplasia congenita The spine, 
pelvis and femoral heads were the sites of the inost 
stnkmg radiographic changes m older children Ma- 
turation was retarded in all parts of the skeleton The 
spine was shortened at all ages, and this shortemiig is 
a major factor in the clinical appearance The tubular 
bones in the hands were not shortened The shorten 
mg of the extremities was not more marked at their 
roots in the femur and humems Retinal deCachnient 
and myopia were common complications 

Spondylometaphyseal dysostosis (Kozlowski, Mar- 
oteaux and Spranger) is a bone disease which ap- 
pears between 1 and 4 years of age in which the chief 
loss of stature is in the spine and trunk In the radi- 
ographic examination, the vertebral and pelvic 
changes include unusual vertebra plana and an 
achondroplasialike pelvis In the long bones the Pnn- 
cipal changes are in the metaphyses, which are 
incompletely and irregularly minerahzed These 
changes simulate those in metaphyseal dysostosis 
and nckets The vertebral changes are similar to and 
overlap the changes of spondyloepiphyseal dysplasia 
in Morquio's disease However, slit lamp examina- 
tions disclosed no opacioes in the corneas, and excre- 
tion of urinary polysacchandes was normal In this 
vague field of spondyloepiphyseal and spondylometa- 
physeal dysplasias, one cannot be sure whether all 
cases represent a smgle genetic entity with a wide 
range of phenotypic vanations or whether two or 
more distinct entities are involved 
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Mesomeltc dwarfism (dyschondrosteosis) is com 
monly associated with bilateral Madelung deformity 
This type of dwarfism was first described as dyschttn 
drost^ose by Ldri and Weill in 1929 Its inheritance m 
the families of Lamy and Maroteaux suggests doini 
nant genetic transmission Stature is reduced and the 
middle segments of the extremities (forearms ajid 
shanks) are reduced disproportionately in relation to 
(he root segments (upper arms and thighs) Those 
disproportions are the cons erse of the “root ’ or rhizo 
mehc disproportions in typical achondroplastic 
tremiUes and serve to differentiate these two dyspla 
sJas. Felman and Kirkpatrick reported nine cases of 
isolated Madelung’s deformity and six of the L^ri 
Weill syndrome of dyschondrosteosis In their cases of 



Wj. • Jtr — Matfetung s gefofwity m mesomelie 0warii$m 
(dyachondrostiQsa el Uri and Waiti) Th« lortirms In (rental (A) 
and lateral (B) projaet ons e* a aiunted g ri 12 yeara of age in A 
each shortanad radiua la Bowed laierad Each daiaf end el tne 
radius Is tipped toward tne distal end or ns eompan on ulna 
whieB leaves a V shaped spaoe Seiween t^em Tne carpal porta* 

Madelung a deformity, the age of onset vaned be 
tween 1 1 and 20 years Pain at the wnst was the only 
climcal complaint 

The radiographic changes are most pronounced and 
most diagnostic In the forearms and wnsts (Fig 8 
317) In the forearms, the radius and ulna are both 
sAorrenetf fiat tdtf trfira more rtVan tfte racflus The 
ulna Is dislocated dorsad at the distal radioulnar joint 
and the radius Is bowed laterad and dorsad The distal 
ends of each radius and ulna are tipped tawajd each 
other, which leaves a V shaped space between them 
The caipal bones are shifted proxunallylntolbetoler 
radioulnar space with the lunate wedged in the apex 
of the V and the navicular and tnquetrum contiguous 
to each sloping wing of the V The tibia and fibula are 
shortened absolutely and in proportion to the femur 
In some cases apparently the root bones (femur and 
humerus) have ^so been shortened The bones m the 
hands and feet are normal The axial skeleton is n« 
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ChoRtirotiifsfrophia calcificans congenifa —This 
name has been appLed to two conditions which 
should be clearly differentiated In some classic 
achondn^tasts always fetuses and infants, jninerali 
zation of the epiphyseal cartilages and round bones 
may be irregular and spotty (Fig 8 316) This iiregu- 
lanty is merely a variant m the severer types of clas 
SIC achondroplasia in young subjects and does not 
warrant a separate name This irregularity m miner 
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alizatioR in achondroplasia is never seen after the 
first two or three years of life 
In Conradi s chondrodystrophla calcificans congen 
ita punctata, irregular mineralization may also de- 
velop m fetuses and infants who are not achondro- 
plasbc and who apparently have no abnormahties 
save calciferous stipplmg of the growmg cartilage 
(Fig 8 318) Unfortunately this condition has been 
called chondrodystrophla calcificans congemta, al 
though It IS wholly unrelated to and has a much dif 
ferent prognosis from chondrodystrophla foetalis 
(achondroplasia) with which it has been commonly 
confused The charactenstic change is the focal and 
often premature deposition of lime m masses of de- 
generatmg connective tissue in the growmg carti 
lages in the sites of both primary and secondary ossi 
fication centers (Fig 8-319) Borovsky and Arendt 
reported calcification of the synovial tissues as well 
In contrast to achondroplasia, there may be no short 
eiung of the tubular bones, and maturation of the 
epiphyses and round bones is accelerated rather than 
retarded Chondrodystrophla calcificans congenita is 
not confined to the tubular bones in the extremities, 
the sternum scapulas vertebrae and nbs, ilia and 
ischia may all be affected (Fig 8 320) In 2 cases we 
have seen massive deposits of hme in the neck which 
appeared to be in or near the hyoid bone and the la 
ryngeal cartilages Regional and local hypoplasias of 
the skeleton are not uncommon in (his disease, such 
congenitally short bones remain short permanently 
and after the punctate calcificauon of the cartilage 
has long disappeared Henuvertebrae dysplasia and 
dislocation of the hip, and clubfoot have all been 

Fig 8 319 -Chondrodystroptiia calcif.caos congemta n the the alfected loOular bones are shortened and widened Multpte 
newborn bones of the hands (A) and of the feet (B) The I rte caiciferow* loci ere v sibie m the prox mel ends oi the second 
local increases in dens ty are present m the epiphyseal cart lages metacarpals where normally epiphyseal ossification 

of ifte tubular bones and also in the tarsal round bones Many ol centers never appear 




Fig 8 318 -Chondrodystrophla calcificans congen la in a boy 
17 days of age who had no manifestations of achondroplas a All 
of the secondary eenlers of the femurs and tibias show extensive 
punctate caicif cations The patelias show similar extens ve calc 
f eat ons normally lima does not appear in the pateiias m boys 
unt 1 about the 32d month The symmetrical small sderonc loci 
ventral to the proximal tibial metaphyses may represent local 
ealeif cation of the synovial membrane of the tmees At necrop- 
arw imrch of such cafciftoaf ons has been found rn the sit<cv>af 
t ssues as well as ep physeal cartilages All of the metaphyses 
and the enl re diaphyses are normal there are no changes 
suggestive of achondroplasia 
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complications of this cartilaginous dystrophy Bilater 
al congenital cataracts ate frequently present they 
were found In 9 of 42 cases studied by Mosekilde 
Cutaneous thickenings have been observed in several 
patients Optic atrophy has been reported in a few In 

Fig ( )2t -Universal coronal cleft vertebra of (he thoracic 
end lumbar segrnents of the so ne m a boy el if days of age who 
also had aavera ganeraiited chondrodystropNa eaicitiean$ eon- 
Senita All of the vertebral bod es are split into dorsal and ventral 
segmanis by radiolucent bars of cartilage 



the skin follicular atrophodermla Incontinentia pig 
tnenti and ichthjrotic hyperketatosis have been de' 
scnbed Calcifications m the cartilaginous nngs of 
the trachea have interfered with tracheal endoscopy 
Prognosis is good for complete recovery without re- 
sidual deformities or shortened stature provided that 
initially there were no gross deficiencies or deforml 
des of individual bones The roentgen signs of spotty 
calcification have completely disappeared after two 
or three years in panents who have been followed in 
serial studies Licht and Jesiotr found in a man 24 
years of age incomplete dorsal sclerosis and flatten 
ing of vertebral bodies at all cemcal thoracic and 
lumbar levels which they attributed to congenital 
chondrodystrophia calcificans The rest of the skele- 
ton was normal radiographically The reasons for at 
tnbuting these spinal changes to this congenital dis- 
ease are not clear Some of the most extensive and 
the most long standing cases of coronal cleft vertebra 
have also included chondrodystrophia calcificans 
congenita (Fif 6 321) 

Silverman followed one pauent who had typical 
chondrodystrophia calcificans congenita at birth to 
the I7th year, when radiographic findings were 
suggestive of multiple epiphyseal dysplasia. It seems 
likely that this same course might occur m other pa- 
tients early chondrodystrophia calcificans congenita 
followed by multiple epiphyseal dysplasia. 

We have seen two infants whose radiographic 
changes m the extremiQes were typical of chondro- 
dystrophia calcificans congenita but whose clinical 
radiographic microscopic and serologic findings all 
indicated acquired calcifying arthntis and chondnus 
secondary to bacteremias The first patient was weW 
until the 24th month when her knees ankles and 
wnsts swelled and became red and hot She had fever 
Inflammatory fluid in large amounts was withdrawn 
from the left knee joint bactena did not grow from 
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Fig 8 322 -Cale ferous massas at tha knees (A) wr st (6) and 
ankles (C) of a g rl 28 months of age who had had cl n cal arthr 
I a at these a tes for four months The feme al d seal oss f cat on 
centers a e much too smell and reiat vely too smalt n compar 
son w th the f b al centers oppos te them Th s ch id had been 


exposed to several s ck calves proved to have the poiyarihnt sof 
sw ne nfiuenia at necropsy and whose hocks showed calc f ea 
I ohs much t ke those nth$ patent (Courtesy of Or R Parker 
Allen Denver Colo ) 


this fluid in standard cultures At 27 months the radio- 
graphic changes were tJTtical of chondrodystrophia 
calcificans (Fig 8-322) and in later biopsy specimens 
the articular tissues svere thickened and calcified and 
the epiphyseal cartilages inflamed and calcified This 
patient had been exposed for several months to 
a number of calves which had cbmcal swellings 
of several jomts and at postmortem studies were 


proved to have calcifying arthnas and infection by 
the organism of swine influenza (Erystpelothrtx rhu 
siopathta) 

The svnst of the second patient became so swollen 
on the 3rd day of life that it was put in splints to com 
bat pain At the 7lh month widely scattered calcifer 
ous foci were demonstrated (Fig 8-323) At 3 years 
the serum agglutination Qter against Listeria micro- 


Fig. 8 323 -Calc f cat ons of the w sts and ar>k!es of a g ri 
who had acute cl n cal arthnt s of trie left w st on the 3rd day of 
I te and a protect ve cast was appi ed lo severe weeks A the 
left wrst at 7 months ot age s m la but less pronounced calc f 
cal ons were present at the other wr st B at 43 months the scte- 
rot c mass is st II vs ble in the left wr st C the left ankle at 7 


months shows extensve calc f cal ons s m lar changes wee 
present m the r ght ankle At 46 months la nt res dual ca c f ca- 
t ons were st II v s bis at the ankles The knees never became v s 
t4y ca cf ed Sero og c tests al 43 months y eld r>g agglut nat on 
Iters of 1 2S00 lo L monocytogenes 
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cytogenes WHS 1 2500 A biopsy specimen taken fn>ni 
the left wrist showed dense fibrous tissue with inter 
spersed calcific foci 

In Coushlin’s study of the cadaver of an infant who 
had had classic radiographic and clinical signs of 
chondrodystrophia calcificans the joint spaces were 
filled with dense vasculanzed connective tissue 
which contained foci of lime-contalnlng bone Calci 
ferous foci were also found in the thickened syno- 
vium and at one site in the synovial membrane an 
appreciable mass of calcified material was located 
inside the joint capsule 

These data all suggest that acquired calcifying sr 
thritis— acquired in utcro or as late as the24tb month 
of life— produces radiographic changes which are 
Identical to those found in classic chondrodystrophia 
calcificans congenita In our two patients Ety rhu 
stopathia of swine influenza and L microcytogenet 
appeared to be the causal agents. It seems probable lo 
me that all cases of chondrodystrophia calcificans 
have similar causes Cataracts in a substantial num 
ber of patients, frequent hypoplasias and deformities 
of individual bones and calcification of laryngeal car 
tilages all point to a systemic affection probably a 
bacteremia or vlremia rather than simple dysplasia nf 
the epiphyseal cartilages Obviously such patients 
need to be studied carefully from the standpoint of 
infection of blood and joints and In the cases of con 
genital disease, from the standpoint of the maternal 
blood stream infection with transplacental Infeciicn 
of the fetus 

Ray and Wedgwood reported In 1964 sw cases of 
neonatal infection with L microcytogenes in Seattle 
Wash . an area where this Infection had never before 
been suspected None of the six neonates bad anhn 
tis 
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Peripheral dysostosis is charactenzed clmically by 
short broad hands and feet The cardinal radiographic 
Andmgs are shortening of the metacarpals and meta 
tarsals the proximal and middle phalanges are also 
shortened but to a less degree and cupped at their 
metaphyseal levels with coiucal epiphyseal ossi&ca 
litm centers fFig Therounihones mlhe vmsts 
are normal in size and shape but accelerated in matu 
raaon Affected individuals are short m stature but 
otherwise normal Newcombe and Keats found the 
middle phalanx of the second finger (index) conspicu 
ously shortened and notched which produced an ulnar 
curvature of this second digit Both the phalangeal 
and tbe metacerpal and metatarsal involvements are 
variable in different patients and m the same bands 
and feet but the metacarpal shortenings are usually 
tbe most severe Transmission is thought to be genet 
re and as an autosomal dominant Skeletal maturation 
has been advanced in most patients Garces and asso- 
ciates found no disturbances m the pituitary adrenal 
gonadal axis in the function of tbe thyroid pancreas 
or in growth boimone responsiveness In addition to 
the short and stubby hands and feet some patients 


Fig 8 324 -Peripneral dysostosis lO the hands and feet of a 
bov 9 years of age Maiuranon Is aceeferated ih the tubular aM 
me round bones AH of the tubular bones are shortened the 
shortening becomes less marked d 8‘all/ with jhe greajest sM^ 
ening in the metacarpals and 
Also tnalurau 
die phalanges 


least In the distal phalanges 
„ advanced disfally m the dsial and mi<l 
which the epiphyseal ossification centers ha»e 


a ready fused w lh ms r shafts Tha eona-shaped epiphyseal ossi 
ficaton centers sre vsbie in the second lo fourth middle and 
proximal phalanges and tha second to ffth metacarpals with 
corresponding cupping of the ends of the oppos te shafts The 
stylo d process of the ulna is elongated and lh ckened (Courtesy 
of Or Edward 0 S ngleton Houston Tex) 
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Fig. « 325.-Trchofh nophsiangeal syni3fom« A nagti? 
ysar# of age the prox mal ends of the m dd e and ptox me phai 
angea ara ahnormal The base of these phalanges a e cupped 
and spread There are no ep physeat oss f cat on cenie s n the 
in ddle phalanges except ntheffthdgt Cone-shaped oss t ca 
t on centers f II tne cups at the prox mai ends of the p ox rnal 
phalanges of d g ts 1 2 3 and 4 The oss f cat on cente s n the 

have had flat nasal bndges and highly arched palates 
One would suspect from the cupping of the meta 
physes and the conical epiphyseal ossification centers 
that the primary causi mechanism of peripheral 
dysostosis is chrome oligemia, probably congenital of 
the epiphyseal arterioles ivhich supply the longitudi 
nally proliferating cartilage cells in the cartilage plate 
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Tnchorhinophalangeal syndrome is made up of 
three elements sparse and slowly growing hair aige 
pear shaped nose with long vertical groove ‘n 
upper Lp and phalangeal dysplasias which Include 
cuppings of the metaphyses and conical eptpnyse 



d sia phalanges are sderot c except in the f rat d g t The ep phys 
eai oss I cal on centers n the metacarpals all eppea to be fus 
ng p emaiureiy Th $ s also the case n the prox mal phalanges 
B n a woman 49 years of age ail of the prox mal ends of the 
m dd e phalanges are cupped and spread and the art cular cart 
tages are th n The f tth metacarpal is shortened at is d sial end 
Silatu at on s normal (Courtesy of Dr B R G rdany ) 


rg B 326 -Fac es m trehorh nophalangeal syndrome na 
boy to years of ege Alopee a large mouth large pear shaped 
nose la ge everted ea s and large mand b e The p ox mal and 
m dd e manual pha anges were dysplasi c at the r prox mal ends 




1014 / SECTION 8 The Extremities 


ossification centers which result in shortening of the 
phalanges (Figs 8 325 and 6 32G) 

The epiphyseal centers fuse early with their shafts 
maturation of the phalanges is accelerated Mature 
tion of the metacarpals and carpals may he norma] pr 
accelerated In the adult hand the proximal edges Pf 
the phalanges ore indented and spread Sinul^ 


changes may be found In the pedal phalanges but 
they are not as frequent or as marked as those in the 
manual phalanges 
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Pleonosteosis (Father $ Itpogranulomatosis is a 
vague clinical syndrome with vanable changes m the 
skin, facies and skeleton The sJan of the bands fore- 
arms and face may be chickened The face has a 
mongoloid cast owing to upward tilting of the lateral 
segments of the palpebral fissures The tubular bones 
of the hands and feet are shortened and thickened, 
with especially broad phalanges in the thumbs and 
great toes The principal changes are widely scattered 
In connective tissues Many of the younger patients, 
in several reports, resemble gargoyles 

REFERENCES 
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Chondroectodermal dysplasia (Elhs-Van Creveld) 
is characterized by chondrodysplasia and shortening 
of the tubular bones, ectodermal dysplasia polydac- 


tyly and sometimes congenital malformation of the 
heart McIntosh in 1933 described a patient showing 
all the cardinal features of the disorder, 2 additional 
cases were reported in 1940 by Elks and Van Creveld 
In 1962 Elhs and Andrew reviewed 36 previously re- 
ported cases, added 2 cases of their own and tn their 
addendum added 2 more cases for a total of 40 report- 
ed cases They did not include Ferrero’s case, which Is 
reputedly the first example of the syndrome from 
South America McKusick found this disorder In one 
or more members of twenty three families of Amish 
descent in Lancaster County, Pennsylvania 
Diagnosis can be made on inspection of the patient, 
who has a cyhndncal. narrow thorax which flares at 
its base, loss of stature owing to shortening of the 
legs, principally distal to the knees, and shortening of 
the arms, pnncipaliy distal to the elbows (Fig 6 327), 
short and stubby hands with polydactyly and some- 
times syndactyly (Fig. 8-32S), and hypoplasia and 
dysplasia of the teeth (Fig &-329) and the nails of the 
fingers and toes Hypotrichosis of the scalp was pres- 
ent in one patient and congenital malfomtation of (he 
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•Fig S 3M^-Dental dysplasia in Ell s Vain Cfeveld syndromP 
f hgse are ti>e deciduous teeih of a girl 4Vi years of age 


Fig 8-330 -A, the shank in Ellis Van Creveld syndrome m * 
g rl 4 /> years of age The tibia and f bula are short and heav^ 
The prox mal end of the tibia is w dened and a small exostosi^ 
projects from its med al side The prox mal t bial melaphys s 1^ 
ridged cephaiad and capped by a small deformed and maiplace^ 
epiphyseal ossificat on center opposite the medial slope of lh‘ 
metapytyseal nOge The distal t b at metaphysists irregutady mid 
eralized The fibula Is not d sproport onately tong in relaiion ti> 
the t bia as Is the ease in achondroplas a. B, the same bones f* 
age 19 The epiphyseal cartilage has d sappeared in the tbiP' 
metaphyses and growth Is complete Irt these st It short and heaW 
bones The exostos s on the medial tibiai wall is si M present Th^ 
tibial epiphyseal ossification center Is still flattened and has ^ 


heart in two patients reported by Ellis and Van Crev 
eld In all patients the ectodermal dysplasia has been 
of the hydronc type without disturbances m the func 
non of the sweat and sebaceous glands Intelligence 
has been normal in all cases The clinical manifesta 
dons are present at birth but become more conspicu 
ous with advancing age 

In the roentgen examination the most constant 
findings are shortening and deformities of the tibia 
and fibula (Fig 8 330) and of the radius and ulna 
(Fig 8 331) and shortening of the tubular bones of 
the hands and feet with polydactyly and massive fu 
Sion of the carpal bones (Ffg 8 332) Also all cases 
have shown hypoplasia and ectopia of the proximal 
bbial ossification centers with angulation defonmty 
of the contiguous tibial metaphysis (see Fig 8 330) 
Obgemia of the epiphyseal arteries which supply the 
epiphyseal side of the cartilage plate is a probable 
causal mechanism for the undergrowth of prohferat 
Tng cartilage ce'Iis anct s'nortness ol fbe'bones 

Ridging of the proximal end of the tibial shaft with 
hypoplasia and medial shift of the contiguous ossifi 
cation center opposite the shorter medial slope of the 
ndge is one of the most consistent changes m the 
skeleton at all ages In tbe extremities the tubular 


deepened articular facet on its lateral aide 


bones become progressively shorter centnfugally 
from the trunk toward the ops of the fingers and the 
toes This is the converse of the pattern of shorten 
ings m achondroplasia The most penpheral bones- 
the pbalanges-also show markedly accelerated ma 
turaoon and this is more pronounced in the distal 
and middle phalanges than in the more proximal 
basal phalanges Maturation is moderately accelerat 
ed in tbe metacaipals and metatarsals but in less 
degree than m the phalanges 

Fig 8 331 -The arm of i girl 4Vi years ot age wiifi EH s-Van 
Creveld syndrome Trie radius and ulna are short and heavy fhe 
proxiinal end ot the ulne is swollen wh le the proximal end of the 
tad 0 $ « hypoolast e the converse is true at ine d siai ends ot 
these tjoires The rad us is dislocated out ot the e 6ow apparent 
ly ow ng to the d sproport onafa shortness of the ulna The hu 
merus is bowed but is shortened less than the bones in the fore- 
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Fig 6 332 -Ellis Van Creveld syndrome in the hands o» a g fl Ihuintt The m ddle phalanges are markedly widened with dispro- 
28 months of age The capitate and hamate bones are luscd mto portionately large epiphyseal oss ticat on centers which are 

a large s ngle mass There are six mefacarpals the extra hypo- cone-shaped and the r apexes project into the copped bases of 

plastic 6th is partially segmented from (na Sth The hypoptaslic the contiguous shafts The terminal phalanges are hypoplastic 

6lh dig t has but two phalanges the d stal and prox mai The with relat vely huge epiphyseal oss fication centers which are 

proximal phalanges are slightly widened and the si ghtly cone- attached to the shafts by narrow bony stalks. These hands pre- 

shaped epiphyseal ossif cation centers project into and are b^ sent the paradox of retarded growth of the shafts and accelerat 

g fining to fuse wth their contiguous shafts especially m the ed maturation of the epiphyseal ossificat on centers 

The femur and humerus may be bowed as well as produces maJocclusion. The spme is normal roentgen 

shortened In one patient an exostosis projected from ©graphically 

the medial aspect of the proximal tibial metaphysis The imponance of undergrowth of the ribs and the 
Dental hypoplasia and dysplasia are visible tn 61ms of reducuon of vntal capacity caused by the long narrow 

the upper and lower maxillas the former is usually thorax was not fully appreciated until 1958| when 

underdeveloped while the latter is enlarged which Smith and Hand stated that ‘the greatly diminished 


Fig 8 333 -The small restrictive chest in ehoodroeetodermai 
flysplas a A, photograph ot an infant dead on the lOth day of life 
The thorax is d sproportionately long and small m circomfer 
ence m the upper levels above the resistance of the i ver and 
spleen it is pinched on both sides (From Smth and Hand) 6 
rad ographs of another patient at the age of 10 months The iho 


rax iseiongated and small mall transverse and ventrodorsal d am 
eters The nbs are short and the costal cart leges relatively long 
The large costochondral junet ons impress the underlying lung 
and produce long penpheral longiiud nal stnps of compression 
ateleCtas $ The ribs tiare laierad over the I ver (arrow) 
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volume of the thorax (Fig 8 333) would appear to 
have been sufficient to cause disastrous effe«s on 
pulmonary function In addition to the smallness of 
the l^ong tubular thorax the anterolateral segments 
of the chest wall were depressed and the sternum 
bulged forward in one paUent During the entire re 
splratory cycle Smith and Hand found that the nbs 
remained fixed and breathing was exclusively dia 
phragmatic Maroleaux and Savart observed that m 
severe cases dyspnea due to reduced thoracic volume 
and reduced vital capacity may dominate the chnlcal 
picture They emphasized the slmUarlty of the Inade- 
quate thoracic cage of chondroectodermal dysplasia 
to the asphyxiating thoracic dystrophy of Jeune 
(Arch franc P^diat 12 886 1964) 

Keizer and Schllder observed a woman 21 years of 
age who exhibited the cartilaginous cutaneous and 
cardiac dysplastic elements of the syndrome but who 
lacked poIydactyly 

The two Infant patients of Smith and Hand exhibit 
ed all of the four major components of the syndrome 
they both succumbed to progressive cardiac failure 
One of these infants was a Negro 

Classic examples of the Ellis Van Creveld syn 
drome have been found In high Incidence in the Old 
Amish populations of Pennsylvania and Ohio by 
McKusick 

Maroteaux and Lamy found increase of unnary 
chondroitln sulfate In some of their patients Gam 
and associates studied two patients a brother and a 
sister who had lymphopenic hypor->mmaglobu 
Unemia as well as ectodermal dysplasia 
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DtastTophiC (twisted) 
by Lamy and Maroteaux 


dwarfism is the name given 
to a syndrome which resem 


hies both achondroplasia and gargoyUsm in some of 
its cMcal and radiographic features The m^or elm 
leal findings include dwarfism vnth shortened ex 
treimties disproportionately shortened foreanns and 
shanks equinovarus feet short broad hands with 
uneven shortening of the fingers ectopic thumbs 
( hitchhiker thumbs ) severe lumbar lordosis with 
prominence of the buttocks variable degrees of sco- 
liosis swelhngs of the larger joints with limitation of 
motion short tense tendons orbital hyperteJonsm and 
swelling of the external ears and protruding upper 
teeth which overbite on the lower teeth (Fig 8-334) 
In radiographs the radius and ulna are shortened 
disproportionately and there are shortening of all 
long bones multiple deformities of the bones of the 
bands and feet and swellings of the ends of tubular 
bones especially the proximal ends of the femurs in 
which the heads are swollen beyond the limits of the 
acetabular cavities (Fig 6 335) Kyphosis of the cem 
cal spine is common dunng infancy The sacrum is 
Upped up and back Cleft palate and deformities of 
theextemaJearhavebeenpresentin some cases The 
syndrome has occurred in siblmgs and this has 
raised the question of genetic transmission Consan 
guinity appears to have been a factor tn one family 
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C/iondromafafis -In this group there are two pn 
mary errors in growth abnormaliry in the direction of 
growth of isolated bits of proliferating cartilage and 
tumor formation When segments of proliferatmg ca^ 
tilage grow Jatitudinally from the canilage plate they 
produce exiostoses When islands of uncalcified cam 
iage pereisc in the metaphysis and hypertrophy they 
expand to become enchondromas The former are 
probably caused by overclrculation (hyperemia) m the 
pencbondnal nng aitenes and the latter by segmen 
tal oligemia of the terminal metaphyseal aitenes on 
Uie epiphyseal side of the metaphyseal plate 
In more than half the cases of external chondro- 
matosis or inhcnted multiple exostoses exostoses 
are found in one of the parents as well as m the child 
fathers are affected about three times as frequently 
as mothers In several families the disease has been 
traced through more than two generations The prm 
cipal lesions are bony projections from the ends of the 
shafts near the cartilage-shaft junctions the termm 
al segments of the affected shafts are usually swol 
len exhibmng failure of normal consmcaon There is 
a wide vanation in the form of the scattered exostos- 

„ U..y»..ybelarg.orraaIl broad o, 

or abort roaeb or ainootb blunt or sharp (Fig MM) 
The epiphyseal ossification centers are normal Ihe 
longitudinal axes of the exostoses are almost mvaria 
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rg A 334 — D astropti c dwarf sm n a g rf 9 a yeats ot age 
whose s sler 7 years of age had s m lar delo m t e$ and ra 
d ograph c t nd ngs inAandB the major deform tes ndudetor 
dos s w th prom nerjce of the boCWcks scof os s swe ngs af fhe 
la ger jo nis d sptoport onate shortness of the forearms and 
shanks and b lateral club feet of the ta pes egu novarus paHem 
Abduct on of the arms aJ the shoulders s t m ted by f ghtness of 
the soft t ssues of the thorax and the elbows are held n semi- 


flex on In C. the face Is w de at a I levels w th broad flat nose 
obtal hypeitelorsm huge upper max iia and ma ar prom 
nences and tong narrow pa peb al I ssures The upper central 
car> res overb te on fhe lower I p The tieformei} r ghi ear a *■ sr- 
ble m both B and C In D the forearms a a shortened and the 
hands and 1 rtge s short and broad the 2nd and 3rd I ngerj a a 
dsproport onate y shortened. [Courtesy of Or Hooshang Tayb 
Sart FraiK sco ) 
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Fig 8 33S -External inlterited chondromatos s in a boy 9 (t>« terminal segments of all the shafts are evident Theeiotioses 
years of age showing multiple mult term exostoses A, upper produced ne ther cl nical deform ty nor d sab I ty The lather also 

and 8, lower extremity Broadening and fa lure of constr cl on of tiad multiple exostoses 
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Fig 8 337 —0 m n shed g owth of the ulna n exte nal nhe I 
ed chondromalos s The u na s shortened at the d stal end and 
the ep physeal plate s t pped Into an obi que plane Bow ng of 
the rad us and early u nar dev at on of the hand we e already ev 
dent n theor g naif Im 

bly directed away from the nearest joint Any of the 
tubular bones may be affected the exostoses are 
commonly largest and most numerous near the knee 
joints and are least common and smallest at the el 
bows where the bones grow longitudinally very bttle 

Fig 8 338 -Two It ga cart lag nous axosiosas ona axtand ng 
latarad off a r b and tha other med ad off tha inner adga of the 
aeapula plate Th s boy was 14 years old 




Tie cranium rarely shows even smaU exostoses the 
nbs (see Fig 2 62) vertebrae and flat bones particu 
larly the scapulas are involved in some cases 
La Croix found that the exostoses shift epiphyseal 
ward during growth in a study of the relation of the 
exostoses to transverse hnes in the same bones He 
explained the shift on the basis of the drag of the 
growing penosteum on the base of the exostosis 
The longitudinal growth of the shafts may be nor 
mal or reduced The distal end of the ulna is the most 
common site of reduction of longitudinal growth and 
deformity Occasionally the two sides of the same 
epiphyseal plate grow unequally which causes obli 
quitf of the columnar cartilage and a shortening of 
this bone because of a change in direction of growth 
of caitiiage (Fig 8-.>37) The reduced longitudinal 
growth of the ulna causes bowmg of the radius 
which continues to grow normally and deviation of 
the hand at the wnst toward the ulnar side Some- 
times the radial head is dislocated at the elbow Simi 
lar reduction in growth of the fibula causes medial 
bowing of the tibia with knock knee and valgus ankle 
The roost pronounced secondary growth changes 
occur in the bones in the extieiraties which are the 
smallest in cahber the ulna and fibula Direct impac 
tion of a growing exostosis onto a contiguous bone 
may produce local cupping and bowing of that bone 
We have seen large exostoses of the femur disappear 
spontaneously in two patients 
In most of Solomon s pabents stature was reduced 
due to undergrowth of the bones of the legs dunng 
puberty In one-half of his panenls the forearm was 
shortened and bowed due to undergrowth of the distal 
end of the ulna and radiohumeral dislocation at the 
elbow developed m about 10% In about one in six 
patients the bands were broad and short and the dig 
its were deformed due to undergrowth of metacarpals 
and phalanges Exostoses in the spine caused scolios- 
is and pelvic and thoracic deformibes developed sec 
ondary to exostoses in the iha scapulas ribs and cla 
vicles (Figs 8 338 and 8 339) 

CarUlaginous exostoses are never present in the 
newly bom Infant they begm to appear during the 
first half of the 2nd year We have seen one boy with 
distinct exostoses of the middle and proximal phai 
anges of the thud digit at 8 months of age At 8 years 
cartilaginous exostoses were visible in several other 
phalanges and at the distal ends of the radius and 
ulna the rest of the skeleton was not examuied radl 
ographicallf 

A radiolucent patch of diminished density Is cast at 
the site of a cartilaginous exostosis In axial projecbon 
due to loss of corneal wall {Fig 8 340) 

The exostosis is a local out pouching of the cortex 
and IS capped by a layer of prohferabng hyaline card 
lage which generates endochondral bone from its 
under side The exostoses probably result from groups 
of cells m the penosteum which retain their nor 
mal chondrogemc power after theu displacement 
from the proliferating cartilage mto the penosteum 
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Fig 8 339— Multple cart lag nous exostoses of the petve 
bones of a boy 14 years of age Bony masses protect oti the I ac 
crests the ventral and do sal edges of the i ac w ngs and the r 
lateral edges and the edges of the acetabular roofs The necks 
and shafts of the femurs are swollen due to fa lure of const ct on 
and poss biy enchondromas 


(Langenskiold) Following adolescence when growth 
of the exostoses ceases the cartilaginous caps disafk- 
pear or are reduced to narrow strips of nonprotifera 
ting cartilage 

These exostoses are potennally malignant especial 
ly in adults chondnsarcomatous degeneration has 
Iwen reported in several cases Solitary exostosis sim 
ulates the individual lesions of muluple exostoses 


morphologically and roentgenographically Murphy 
and Blount found cartilaginous exostoses in the sites 
of radiotherapy 6 9 and 1 1 years later Of 288 chon 
diosarcomas studied in adults by Henderson and 
Dahlm 25 had developed in the sites of earlier cartl 
lagmous exostoses and 15 of these were of hereditary 
multiple type Only 4 of these chondrosarcomas had 
developed in the sites of enchondromas 
We have seen typical multiple cartilaginous exos 
loses in femurs and dbias of American Indians 
unearthed m one of the islands off Santa Barbara, 
Califorma. Archeologists estimated that the artefacts 
with which the bones were found mdicated that these 
Indians lived about 800 a d 
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Fig 8 341 — Unilateral shortening deform i es of the 
leg In Ollier s multiple internal chondromaiosia 


Pig 6 342 -Roentgen i ndmge in the pet ent pictured m Fig 
ure 6 341 A. left forearm enowmg ahortervng end irregulantv 
in density ot the rad us and ulna The radius la bowed and me 
hand dev ates toward the ulna The external configuiei on of 
both bones is abnormal owing to failure of constr cl on of the 



shafts B left leg showing deform ty end rregulartyin density 
Of the femur The t b a and f bula ere at ppled and resemble the 
A Oers Schonoerg type Mari«d stippling was vrs ble in the left 
Ilium The bones in the r ght arm ahd leg we e normal 


Stock, P , and Bamngton A Hereditary Disorders of Bofie 
Development, Eugenics Laboratory Memoir 22 {London 
University of London, Francis Galton Laboratory for Na 
tionaj Eugenics, 1925). 

In internal chondromatosis, or Ollier’s dyschondro- 
plasia, mulnple enchondromas of the shafts of the 
tubular bones are irregularly distributed m the skele- 
ton but tend to be unilateral and charactenstically 
produce shortening deformities of the affected bones 
(Fig 8-341) The cartilagmous masses, according <o 
Langenskiold, represent a persistence of cartilage 
cells m the cortex which noimally, after their de 
velopment m the epiphyseal plate, are transformed 
Into osteoblasts and normally produce cortical com 
pact bone The ends of the involved bones are irregU 
laxly dilated, irregularly mineralized and grossly de- 
foTToed (Figs and Oc.casionaU'y live 

spongiosa in the area of the chondroma is stippled or 
streaked longitudinally The epiphyseal ossification 
centers are often hypoplastic and deformed In many 
cases, multiple enchondromatosis is limited to the 
bones of the hands and feet (Fig 8-344) 

Maffucci's syndrome is a combination of multiple 
enchondromas and mulQple cavernous hemangiomas 
in the same individual The association appears to be 
fortuitous Distribution of both of these hamartoma 
tous proliferations ts asymmetneal, usually the to 
mors are bmited to one side The visceta are not af 
fected. The hemangiomas are located in the soft ns 
sues, often the subcutaneous soft ussues The hemah 
giemas may ovetlie enchondromas or normal bone 
The hands and feet are the most severely and the 
most frequently affected, but bones m all parts of the 
skeleton have contained enchondromas Tlie bone le- 
sions and their deformities are identical mth those 
found in Ollier’s disease Elmore and Cantrell esP 
mated that the malignant conversion occurs ui 19*^ 
of patients who have Maffucci’s syndrome 
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Osteopathia striata is the name applied by Fair 
bank to a disorder of the gro'vmg skeleton character 
ized by longitudinal streaking of the metaphjses and 
ends of the shafts Voorhoeve described the condition 
first In 1924 The changes are usually most conspici* 
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OU5 m the distal ends of the femurs In Bloor’s patient 
(Fig 8-345), fine longitudinal stnauons were present 
bilaterally in the ends of the shafts without other 
changes of dyschondroplasla, such as osteopoikilosis 
OT irregularities in the metaphyses The lengths of the 
stnated segments in the different ends of different 
bones are directly proporuonal to the velociues of 
growth in the different bones, they are longest at the 
sites of most rapid growth, the distal ends of the fe- 
murs In the ihac wings, the smations are in a fanhke 
pattern The bones at the base of the skull have been 
thickened and sclerosed in some cases The patients 
present no consistent clinical picture and usually are 
asymptomatic insofar as skeletal manifestations are 
concerned Osteopathia stnata may exist alone or be 
an element in Ollier’s disease Longitudinal streaking 
of the ends of the shafts also develops dunng penods 
of rapid grtnvtVi and a^so dunng penods o! rapid de- 
mineralizaiion of the bones 
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Multiple epiphyseal dysplasia is a familial disease 
m which the significant changes are In the epiphyseal 
ossification centers and the round bones, the primary 
ossificauon centers in the shafts are not affected It 
was first recognized by Foirbank in 1935 and has 
been detected with increasing frequency The epiphy- 
seal centers and the round bones are small, rough, 
irregularly calcified and often flattened into angular 
contours (Fig 6 346) The ends of the shafts rela 
lively are unaffected, although they may be spread 
and concave in compensation for the deformities in 
the contiguous ossification centers Pain and stiffness 
m the hips and knees are the principal complaints 
and later lead to disturbances m gait Stature may be 
shortened in severe cases oiving to the flattening de- 
formities at the hips, knees and ankles The digits are 
short and thick with blunt ends With advancing age 
the tendency is to disappearance of mottling and 
fragmentation of the epiphyseal centers, but deformi 
lies persist Cnppling osteoarthritis in the weight 
bearmg joints is a serious common late complication 
In several Instances the disease has been familial 
In some cases, chondrodystrophia calclficans con 
gemta appears to have been the initial stage of multi- 
ple epiphyseal d> splasia (Silverman) The “hereditary 
multiple epiphyseal changes” of Ribbing resemble 
multiple epiphyseal dysplasia in some respects Gen 
cralized smallness of ossification centers and delayed 
appearance have been associated with bilateral coxa 
plana In sexeral families studied by Cirdany Monty 
met this same problem in the study of several mem 
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Fig 6 343 -Generalized enchondromatosis (Oil er s dyschoo' 
dropiasia) in a girl s years of age All bones were affected save 
those m the skull and vertebral column the two clavicles and 
sternum A, mull pie enehondromas in the phalanges and Inst 
metacarpal of the left hand There are long radiolucent stnps of 
cartilage In the enlarged shaft of the radius B, in the nght arm 
mult pie defects are ws ble in all long tubular bones whose ter 
m nal segments are enlarged owing to fa lure of constricfion C 
and 0, In the legs the right tibia and femur are shortened de- 
formed and defect ve owing to enclosed masses of cart lage In 


the wid'ned d slal femoral and prosimal I blal melaphyses there 
are both stipp’ed and stnped patterns Of sclerosis. Most of the 
right fibula had been eicised E, all bones cl the pelvis show 
rounded and elongated defects the s tes of enehondromas F, 
thorax frontal protection. There are mult pie bony delects in the 
enlarged sternal ends of several nbs (arrows) The vertebral edge 
of the nght scapula Is roughened and shows a large defect which 
IS probity the site of an enchondroma. The bones on the nght 
s de of the body were more affected than those on the left side 
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Fig 8 344 —Mu t pie enchond omsloss I m led lo ll>e 
pha anges and metaca pa s in a g r113 yea s ol age The rest cl 
the she cton was norma The rad oludent chend omas have 
replaced the apong osa and d aied the medu lary cavtt e» n 
seve a bones expans on of the chond omas causes external 
awe ng of tbe shaft and at ophy of me overly ng cortex 


Ftg e 34S -Osteopath a at ata nag I3yea aolege A.longivdnaf stretons n the tong bones B rad el at 
w ngs (Red awn < om B 00 } 




Fig 8 346 -Multupte «p ptiyseal dyaplas a in an ntant A. ir 
regular ano'prematviiv osai'caton aftfie eppnysezi'oss fcaPon 
centers ot the femur t b a and patella at 4 days ot age An rregv- 
lar OSS ( eat on center s also v s ble anter or to the t b a probably 
In the JO nt capsule The shaft ot the femur s broken >n tsmddie 
th rd B premature and rregular oss I cat on in the ep physes of 
the humerus rad us and carpal bones at 6 months of age C 
premature and rregular oss f cat on n the manubrium and glad 


plus of the sternum w th un versal coronal clefts In the vertebral 
doolesac i^dVys ofege iT iVreguiirr antfpremafUre oss feat on 
n the body of the hyo d bone (arrow) cervical vertebral seg 
ments proa mal ep physeal earl lages of the humerus (two ir 
rows) and manubr um of the sternum at 4 days E smlarlrrb^u 
lar and prematu a oss f cat on in the costal cart lage and slerbum 
at 4 days (Courtesy of Dr P N S Iverman Cncnnatl) 


bers of one family— the differentiation of bilateral 
coxa plana from multiple epiphyseal dysplasia. 

Congenital hypoplasia of the branches of the epi 
physeal artenes which supply the epiphyseal ossUica 
tion centers and the arteries to the carpal and tarsal 
bones and the associated chronic oligemia of these 
bony structures may be responsible for their under 
growth and Irregular growth 

Felman studied three patients father son and 
daughter who were dwarfs and who had extensive 
epiphyseal dysplasia scattered throughout the skele- 
ton ivith severe vertebral defoimltfes which began 
during childhood The femoral heads were eventually 


destroyed almost completely and the femoral neeks 
virtually disappeared With advancing age the caudal 
thoracic and cephalic lumbar vertebrae became irrpg 
ularly ossified and wedged The spine became sharpiy 
scoliotic at the thoracolumbar level it was most pro- 
nounced in the father 
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Dysplasia fpiphysealis hemimeltca (tarsofpiphy 
teal aclasis Treiofs disease) Is a rare condition 
wWch causes swellings m the extremities, usuallyon 
the inner and outer aspects of the knees and ankles 
The swellinsis are bony hard and the neighbonns soft 
parts arenot Invohed Gait becomes clumsy owing (o 
the limitations of motion at the knee and ankle Knock 
knee, bowed knee and flatfoot are commonly associ 
ated Painful ' locking of the knee has occurred In a 
few cases, and regtonai atrophy of muscles has devel 
oped. At exploration the swellings are found to be 
made up of bone covered with epiphyseal cartilage 
The edges may be smooth or rough Microscopically 
hypertrophic normal cartilage is found surrounding 
the extra masses of bone, in which normal endochon 
dral bone formation is taking place In single lesions 
the findings ars similar to those of sohtaryosteochron 
drama. 

Diagnosis depends on the radiographic changes 
(Fig 8-347) The findings are limited ro the epiphyses 
or parts of the epiphyses lying on one side of a single 
limb The absence of changes in other epiphyses is 
diagnostic 
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Metaphyseal <fi/sosrosts (Jansen s disease) ss char 
actenzed by spreading cupping and defective uiego 
lar mineralization in the metaphyses of the tubular 
bones (Fig 8-348) and to some degree the edges of the 
flat bones especially the ilia the round bones in the 
vmsts and ankles and the epiphyseal ossification cen 
ters are charactenstically smooth Blood chemistry is 
normal and renal function ununpaired In the severe 
fype, which resembles the hyperplastic type of achon 



ffy 4 347 -Oyspissia epipbysiaiis ti*m msliei et Fairbank or 
Trevor s disease in a boy B ft yeara ot age A. the lateral ha f ot 
the protimil femoral essif/caiion center is enlarged end irregir- 
lady incieased in densly wth coxa valga 6, tha lataral hall of 
the distal ietnorai epiphyseal canter is irregularly oasifed and 
enlarged C the overgrowth ol cartilage and bona* between the 
tibia and tibuia has separated them Tha ovirgrowth appears to 
be made of two pans an osteochondroma extend ng off the d a- 
lai Ibial epiphysis laterad and caudad and a larger osteochon- 
droma ef me Itlos which extends laterad and cepnaiad The t tual 
osstication center la defect ve in its lateral segment. The sepa- 
rate individual les ons appear to be osteochondromas The r mul- 
tipl city end their d stribui on in the lateral aspects ot the bones 
of one leg warrants the diagnosis of dyspTas a ep phys atis hemi 
melica. (Redrawn from Fa rbank ) 


droplasia m eome respects the spme and thoracic 
bones are normal (Paubank) and from the photo- 
graph m Jansen s paper, the head appears to be nor 
mal In Holt s patient severe rarefaction of the cram 
al bones which was present on the 4th postnatal day 
had disappeared by the 6th month (Fig 8-349) In 
contrast, the changes m the metaphyses of the long 
bones Increased with advancing age (Figs 8-350 and 
8-351) OzonofF noted similar findings ui his patient 7 
weeks of age A sinking feature of metaphyseal dy 
sostosis is the smooth edge of the epiphyseal ossifica 
tion center in contrast to the rough edge of its conog 
uous metaphysis The milder types of metaphyseal 
dysostosis can be differentiated from the milder types 
of refractory nckets and of hypophosphatasia by bio- 
chemical means only In the r^der types which are 
much more common the radiographic changes simu 
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Fig « 941 -M«{dpny$«ai dysostosis (Jansen type) A, exiernei 
ncketsiike deformities in a Chinese boy 7 years efege He isdwaHed 
and has mult pie deformities in the eitrem ties chest and peMs Other 
thanmoderafefrontaibossng theheadappesrsiobe normal B. severe 
irregularities m metaphyseal ossification vnth normal smooth 
ossif cat on in the corttiguous epiphyseal ossificat ort centers (A and 8 
from Camerort ef al ) C, Jansen s pal ent at 10 years of age The 
swellings al the end of the long bones and the bowing delorm ties are 
suggestive of tickets The arms are too long lor echondroplasia The 
hypotonic feet are badly deformed The pat ent was 12 in under he ght 
(framJawnf 
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Fig 8 3S0 — Mstapnyseal ciy$oaios s of and wnsia 

Progressive increase m me metaphyseal changes tn the tubular 
bones tn the hands and avnsts witn advene ng age tn A, at 12 
months of age the metaphyses are irregularly oss Ned cupped 
and spread in a r cketsliKe fashion The term nai phalanges are 
hypoplast e fn 6 at 23 months (he metapnyseaf changes are 
more marked and deeper w th striking smoothness of the epi 


physee) OSS ficaiion esmers sno rouetd bones in the wr sts in C 
at $4 mottins the metaphyseal changes are at II more pro- 
nounced me round bones end epiphyseal o$s heat on centers 
rema ri smooth In the b stal ends ot th« ulna tSstc >s « deep and 
ih ck and transverse rad olucent band which is devo d of bone 
although a broad terminal band has oscifred irregularly 
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late those of refractory nckets and the late phase of 
hypophosphatasia. In one of our milder cases (Fig 8 
352) the patient was treated for refractory Tickets 
despite normal serum chemistry with massive dose 
of vitamm D, and she developed severe signs of vita 
min D poisoning Lenk of Israel reported this mild 
type of metaphyseal dysostosis In a dwarfed de 
formed gul 2 years of age whose five forbearers all 
male, had similar cbnical deformities 
In the bght of available evidence an uneven con 


gemtal hypoplasia of the epiphyseal arteries which 
supply the epiphyseal plate could cause an uneven 
oligemia to the longitudinal proliferatmg cartilage 
cells and thus impair their growth irregularly This 
seems at present to be the most reasonable primary 
causal mechanism for metaphyseal dysostosis 
Gram studied a remarkable patient whose radl 
ographic changes in the skeleton suggested the se- 
vere type of metaphyseal dysostosis but whose cheml 
cal changes m the blood serum-hypercolcemia and 


Fig $-352.-Metapnysea1 dysostos s of t^e m ld«r ncketslihe 
type in a g rl with bowed legs and b lateral coxa vara A. the Ie9s 
at 3 years 8. the wnsi at 4 years Serum phosphate cafcium and 
phosphatase activity were normal In many eenal evammat ons 
over several years Microscopic changes m the costochondral 
junctions contained much osteoid suggestive of tickets The pa- 
tient hovtever reacted normally to large doses of vitamin d 



which are usually well tolerated in refractory rickets w th signs of 
severe renal damage In these films all of the larger metaphyses 
are irregularly and jncompJefely pssif ed with some $preaair>g 
andcuppictg The ep physeal ossihcaf on centers m contrasf are 
evenly ossifed wth smooth edges All of these changes are 
foucuj commonly in relractory rickets and in the juveri le type of 
hypophosphatasiA 
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Fig, t 3S3.-The seaiier»d un»v«n dysMtPt* Of 

Kozlowsk and Zychow cz A i of ifia meiapnyaes not shown har^ 
ware normal In A all of the maiaphyses ai the knees arvd anklet 
show deep r egu ar t es In o$s f cat on in 6 ossfeeion in ih^ 
melaphyses s rregular and maturat on accelerated nthephai 
angea The edges of the round bones and ep pnyseai oss f cal oh 


centers fnconfrasf are smooW The prox mil femora apphysaif 
oss 1 eel on centers a a each develop ng from two ndependent 
unlused centers The pat ent s e Pol sh g rl 5 years of age (Cou 
tesyofOs KarmerKezowsk and Czeslaw Zychowez Poznan 
Poland ) 


hypophosphatemia- suggested hyperparathyroidism 

A large Mormon family studied by Stephens in 
J943 had 41 members in four generations who wero 
affected by a bone disease which at the tune sug 
gested a variant of achondroplasia The data on this 
family now in the Lght of more knowledge are more 
suggestive to me of the mild and moderate types of 
metaphyseal dysostosis 

Scattered metaphyseal dysostosis (Fig 6 353) was 
found in a Polish girl 6 years of age by Kozlowski and 
Zychowicz Severe metaphyseal lesions were present 
in the bones of the hands and at the knees but (here 
were few or no changes in the bones In other parts of 
the skeleton Kozlowski and Budzinska described two 
patients in whom metaphyseal and epiphyseal dysos 
toses were present in both the metaphyseal changes 
dommated 

The expenence of the last 35 years has shown con 
clusively that the severe metaphyseal dysostosis of 
Jansen is a rare disease and the milder types are rela 
lively common and that it may affect numerous 
members of a family through several generations 
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The cartilage hair hypoplasia of McKusick is a 
genetic disease found first in 77 dwarfed individuals 
in the Amish population of Pennsylvania The hair of 
the scalp and of the eyebrows is sparse, fine and 
blond, and the bones present changes characteristic 
of the Schmidt type of metaphyseal dysostosis, with 
retarded maturation of the bones Megacolon and 
manifestations suggestive of the malabsorption syn 
drome were found m some of these patients 
Lux and associates described two children with car 
tilage hair hypoplasia who also suffered from chronic 
respiratory mfections and had unusually severe reac 
hons in the course of varicella. Studies of their im 
mune reactions indicated chroruc neutropenia sec 
ondary to failure of myeloid maturation Both had 
persistent lymphopema, reduced and delayed cuta 
neous hypersensitivity and one had delayed rejection 
of a cutaneous allograph 
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Metaphyseal dysostosis with pancreatic tnsuffi 
eieney and or blood dyscrasia (pancreas blood bone 
disease) has been described in several dwarfed chil 
dren The pancreatic deficiency is exocnne in ongm 
and the blood changes are charactenzed as variable 
anemia, neutropenia and thrombocytopema. Some 
patients ongmally had a diagnosis of cystic fibrosis of 
the pancreas All unusually short patients with cystic 
fibrosis of the pancreas should have their skeletons 
searched radiographically for metaphyseal dysostosu 
Metaphyseal dysostosis has been first recognized m 
some of these pauents radiographically, because of 
enlargements of the sternal ends of the nbs 

REFERENCE 

TaybL H Metaphyseal dysostosis and the associated syn 
drome of pancreauc insufficiency and blood disorders. 
Radiology 93 S63 1969 

Osteopetrosis congenita (marble bones Albers 
Schonberg disease) -This Is a rare generalized dyspla 
sia of the skeleton charactenzed by persistKice of the 
calcified cartilaginous matrix which is normally de- 
stroyed during growth As a result, the marrow spaces 
and the meduUary cavity are dimimshed in volume or 
are never formed, being replaced by the excessive 
calcified cartilaginous matrix (Fig &-35-i). The com 
pact bone of the cortex is hypoplastic and poorly dif 
ferentiated The spongiosa is a more or less solid cal 
cified cartilaginous matrix in contrast with Its normal 
spongy cancellated structure, the paucity of marrow 
spaces in the thickened or solid spongiosa leaves htlle 
room for blood formauon in the skeleton The cause 
of this condition is unknown, heredity appears to play 
apart 




Fig 8 354 -Nsoopsy specimen of metacarpal in anal sect on 
In generalized severe congenital osteopetrosis. Tne marrow eavh 
ly IS I lied w tn calcified ehondr>osseous mains whicfi is re- 
sponsible for the marblelike dens ties in the rad ologiC images of 
the bones (From Cohen) 

The diagnosis becomes manifest on roentgen exam 
Inatjoa The entire skeleton shotts a generalized but 
uneven heavy amorphous sclerosis in which the indi 
vidualcomponents-cottex epiphyseal plates spongl 
osa and medullary canty-are obliterated (Fig 8-355) 
Invariably there is failure of constriction of the 
shafts and they appear swollen and splayed at the 
ends In some cases multiple transverse (Fig 8-356) 
and in others multiple longitudinal striations of un 
even density streak the ends of the shafts We have 
seen one remarkable set of films in which the 
changes suggested a limited scattered type of getier 
alized osteopetrosis (Fig 8-357) Slippingof epiphyses 
and pathologic fractures especially at or near the 
proximal ends of the femurs are not infrequent com 
plications, the bones in osteopetrosis are made up 
largely of calcified cartilage and are brittle rather 
than strong During the first months of life rickets 
may be an added complication (Fig 8-358), in our 
case the rickets healed promptly during adminlstra 
tion of vitamin D Of all of the bones of the body, the 




Fig B 355 (left) —Osteopetrosis congenita in a t>oy 4 years of ( Ffg B 356 (right) —Transverse wavy st ipes in the wide term 
age showing the dlluse amorphous sclerosis fa litre of eon .nali^memsc^scleroticbonesotanintamSmonihiotagewith 
striction of the shafts and the miniature inset in the I b a. A up- vsteopetros s congen ta 
per and B lower extrem ty 


Fig B 3S7 - Regional osieopetros s larda of the long bones In mai skeleton These were chance findings in films made of the 
me rigfif radius (A) and in the femur tibia andhouia at meitnee skeleton as a check after a head rnjuiy irt a girl 4 yaars et age 

(B) osteopetrosis I ke changes are present ir* an oinerw $e nor (Courtesy of Or Charles N Pease Ch cago ) 
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Fig e 358 -Osteopetros s eongen (a hea ng rckets n an nfant 5 months of age 


mandible is usually the least affected which is a 
helpful diagnostic feature in the differentiation of 
osteopetrosis and Pyle s disease during the 
months of life 

Protracted hypoplastic anemia, thrombocytopenia 
splenomegaly hepatomegaly and hyperplasia of the 
lymph nodes are constant Endings In severe case$ 
The anemia is aiegenerative and is due to the crowd 
mg out of the marrow by overabundant calciEed caF 
tilage and fibrous tissue Hemopoietic centers persist 
and become hyperplastic m the spleen Uver and 
lymph nodes in compensation for the loss of manow 
In the skeleton Massive hemorrhage due to thrombo- 
cytopenia and intercunent mfection are the usuOl 
causes of death 

OiteopetTosis tarda m contrast to osteopetrosis 
congenita develops dunng the first years of life and 
is a much milder disease The morbid anatomy m the 
bones is similar in the two types In the tarda fonfl 
however sclerosis is limited to the ends of the boncs 
and the margins of the epiphyseal ossification centefs 
m round bones (Fig 8-359) The central segments of 
both tubular and round bones and of the epiphyseid 
ossification centers which are formed pnor to onset of 
the disease are normally radiolucent and contain 
normal amounts of spongiosa The sclerotic ends af 
the shafts are enlarg^ due to failure of constriction 
(funneliratlon) The sclerosis is due to persistence pf 
excessive spongiosa and failure of cavitation or tuba 
ladon The craiuum presents a small number «>f 
Wormian bones The radiolucent insets which reprC- 
sent the bone formed pnor to onset are often clearly 
seen in the metacarpals (Fig 8-360) Patients with 
the tarda type may survive into the sixth and seventh 
decades Hypercalcinosis has been suggested as a 
cause of osteopetrosis 

From a structural standpomt osteopetrosis Is a pef 
slstence of excessive amounts of calcified cartilag* 
and primary spongiosa. In view of the fact that lb® 
end loops of the nutnent artery at the metaphyseal 
side of the cartilage plate play a major role in tb* 


normal destruction of the primary spongiosa. it is rea 
sonable to assume that a congemtal deficiency of 
these terminal branches of the nutnent artery and 
resultant chronic oligemia on the shaftward side of 
the cartilage plate axe the pnmary causal mecha 
msms in osteopetrosis tarda One must assume that 
these mechanisms do not begin to operate until after 
or near birth m the tarda type 
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Congenital periosteal dvstbopiiies -Osteoge 
nesis imperfecta —This condition also known as 
Lobslem s disease fragilitas osseum and osteopsathy 
rosis IS characterized by defective formation and 
differentiation of subperiosteal and endosteal bone 
the growth and differentiation of the epiphyseal carti 
lage are not senously disturbed Diminished osteo- 
blastic activity has been considered the probable caus 
al mechamsm by most authors Ovnng to the delicate 
defective cortex and spongiosa the shafts are weak 
and fracture easily Following fracture the formation 
and resorption of callus ore normally rapid In severe 
cases multiple angulation and bowing deformities of 
ihe extremities are almost invariable sequels In 
milder cases the only abnormality may be the tend 
ency to fracture there may be no deformity after caJ 
lus formation Blue scleras are the rule in patients 
with late onset of fractures but are absent in many 
congenita] cases Otosclerosis and deafness some 
times accompany the brittle bones and blue scleras 
Odontogenesis Imperfecta (hereditary opalescent 
denUn) is found in association with osteogenesis im 
perfecto. or alone without skeletal disease It is often 
familial and can be recognized by (he opalescent 



Fig 8 359 -OstMpetros s tarda in an Arab boy 3 yeara 
ol age Tfie ends of tba tubular bones (A and B) are 
sclerotic and w dened w tn rnany transverse bands of 
Increased end relat vely d mm shed den$ ty The 
epiphyseal ossilicat on centers have marginal sclerosis 
with central insets of dimin shed density Their pattern 
suggests that the sclerosis began at or near birth The 
rad oTucent insets radiolucent endobones wth 
marginal scleroses suggest a sim lar age at onset The 
califina (D) is normally oss bed except lor a small 
- lambdoidal suture 
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Fig a 360 -Osteopetrosis tarda m a g rt 3 years of sge The 
radolueent insets in the shafts of the meiacarpais represent 
bone formed in utero prior to onset of the d sease The sclerotic 
segments are longer in the d stal ends of the shells because 
there is more growth at the d stal than at the proximal ends Also 
ihe carpal bones and bony centers in the epiphyses show no ra 
diolucent insets because these bones were formed extra utero 
and after the disease had been present for several months 
(Courtesy of Drs Frances 6 Toomey end Harold Rosenbaum 
Lexington Ky) 

amber appearance of the teeth especially when a 
bght is placed behind the teeth and their cranslucen 
cy is conspicuous The teeth tend to be smail and are 
deformed, both deciduous and permanent teeth are 
affected The dentin is the pnnapal site of morpho- 
logic change, with poor calcification and disorderly 
pattern of tubules Roentgenograms of the teeth show 
obliteration of pulp chambers and root canals The 
roots are thin short and pointed Severe crumblmg 
and loss of enamel give the appearance of rampant 
canes although as a rule there is little actual caries 

Several cluucal and pathologic classifications of 
osteogenesis imperfecta have been made according to 
age at onset and severity The disease has been found 
in fetuses infants, children and adults The congeru 
tal type is the commonest and most severe form, doz 
ens of fractures may occur In utero particularly In 
the nbs It Is clear that all of the different types repre- 
sent vanants and phases of the same basic condition 
Consanguinity is often associated and a genetic ab- 
normality is apparently responsible for many cases 
The severe congenital form of the disease is said to be 
recessive in its transmission the late type is usually 
donunant. 

FoUis found the basic mechanism in osteogenesis 
imperfecta to be faulty conversion of early reticulum 


fibers into adult collagen fibers m the corium of the 
skin scleras, corneas and m the skeleton Callus for 
mation may be normal or excessive, excessive callus 
may persist and cause deformities Hilton reported 
famibal hyperplastic callus formation In the absence 
of osteogenesis imperfecta, radiotherapy proved help- 
ful in the early painful stages 

Hemorrhagic disease has been found in osteogene- 
sis imperfecta several times (Siegel), suggesting that 
this is not a chance association 

The essential roentgen findmgs are hypoplasia and 
thmning of the cortex and a scanty spongiosa (Fig 8- 
361) In the absence of fractures it is impossible to 
differentiate osteogenesis imperfecta from simple 
generalized atrophy in the long bones The central 
segments of the shafts are narrowed and the ends 
flare excessively Fractures vary, depending on the 
seventy of the disease In the congenital type, dozens 
of fractures may be present at birth (Fig 8-362), in 
older mild cases long intervals may intervene be- 
tween single fractures The multiple fractures give 

Ftg 8 381 -Congenital osteogenesis imperfecta in a girl 2 
years ol age Numerous fractures were present elsewhere In the 
skeleton In the tibia shown her« there are no fractures but the 
basic deficiency of cortex and spongiosa is evident Constnet on 
ot the tibia IS excessive the ends flare at each end of the narrow 
intermediate segments The similarity of these find ngs end the 
atrophy of disuse is noteworthy 
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Fig 8 363 —Osteogenesis imperfecta in a boy 8/> years of 
age There are mult ptebow ng and angulat on deform t essecon 
dary to old fractures Theprox mal halt of the humerus shows the 
honeycomb pattern ol rarefact on wh ch develops rn the fractured 


bortes but is never seen in unfractured bones This honeycomb 
phenomenot) has never been observed by us in fetal or infant fe 
bones but <s common during later childhood and adult 1 fe in 
osteogenes $ imperfecta 
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nse to extensive deformities and callus may be re- 
sponsible for regional and local segments of sclerosis 
(Fig 8 363) In the otherwise osteoporotic bones Irreg 
ular mineralization of the calvaria (mosaic rarefac 
tion Fig 8-364) Is often of great assistance in diagno* 
sis when the changes m the long bones are equivocal 
(seep 1041) and may during the first years of life be 
the most diagnostic change 
Bizarre residual deformities due to failure of con 
stnction after fractures (Fig 8 365) and due to coni 
cal thickening and ossification of interosseous mem 
branes (Fig 6 366 A and B) develop In some cases 
Prenatal bowing of the long bones 1$ a common com 
plication of osteogenesis (Fig 8 366 C) 

The hydrolysates of the collagens from normal bone 
and normal sclera contain large amounts of the ami 
no acid proluie which is not found in the hydroly 
sates of collagens from other parts of the body 
(Canmggia et al ) This common high proime content 
of skeletal and scleral collagens suggests (hat Jt may 
be responsible for the frequent association of scleral 
and skeletal lesions in osteogenesis imperfecta 
Distinct clinical and roentgen Improvement has 
been observed m some cases following the onset of 
puberty especially m girls This has led to the treat 
ment of younger girls with ovarian extracts with 
some promising results Testosterone might be tried 
therapeutically in boys who have osteogenesis imper 
fecta 

Bakwm and Eiger described a puzzimg patient with 
fragile bones but with macrocranium and dilatation 
of the marrow spaces m the skull and in the unfrac 
tured tubular bones of the hands 
Solomons and Styner found the levels of inorganic 


pyrophosphates increased in the serum and unne of 
28 patients who had osteogenesis imperfecta In 4 
the oral administration of magnesium oxide or mag 
nesium sulfate reduced the pyrophosphate levels m 
both serum and unne significantly The effect on the 
radiographic appearance of the bones was not men 
tioned 
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Helorheostosis of Liri is a rare disease which usu 
ally affects one side of the bones on one side of the 
body commonly m one lower extremity but it is also 
seen in the spine at all levels the skull nbs and fa 
cial and pelvic bones Lester found changes sugges 
tive of this disease m a right fibula which was esQ 
mated to be about 1500 years old Regional pain with 
both swelling and atrophy of the overlying soft tissues 
and stiffness of the neighboring joints are the com 
mon climcai manifestations Diagnosis depends on 
the radiographic demonstration of the peculiar longl 
tudmal sclerosis of parts of the bones (Fig 8-367) 
The sclerotic strip extends from the pelvic bones to 
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the toes and although interrupted at the joints seems 
to flow down the bones of the leg as molten wax flows 
down the side of a candle or honey down the side of a 
stick The sclerouc thickening is all mlema] and it 
reduces the volume of the meduUary cavity The over 
lying soft tissues may be reduced owing to fibrosis 
and muscular atrophy or thickened by lymphedema 
scleroderma and hemangioma. Melorheostosis has 
been present at birth m several cases and is believed 
to be a congenital dysplasia. However the changes 
are slight in patients younger than 3 years of age but 
the hyperostosis increases with age Campbell and 
colleagues published films of the skeleton of patients 
2 and 3 years of age Fractures and malignant degen 
eration of the affected bones have not been recorded 
In the case of Gillespie and Siegling cutaneous and 
subcutaneous changes were present at 1 month of age 
but the underlying bones were normal radiograph 
ically Obhterative endarteritis is a common micro- 
scopic finding The sclerotic smps of bone observed 
radiographically are made up of mature Haversian 
bone mixed with osteoid and fibrous tissue The caus- 
al agent and causal mechanism are unknown Treat 
ment is not effective 
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The mucopolysaccharidoses have been classified 
into SIX types (McKusick) on the basts of their cluix 
cal genenc and biochemical features Biante appa; 
ently first used the term raueopolysacchandosis” 
(hereafter referred to as MPS) in 1952 after he had 
found that in the ussues of gargoyles the fibroblasts 
throughout most of the collagen tissues were swoUen 
and filled with granular water soluble matenal which 
had characteristic findings after metachromatic 
staining Collagenous tissues including cartilage fas- 
eja iilftnd jAfw.lr ra.’d.iac iiahw xMami- 

ges muscles osteocytes chondrocytes and corneas 
were all similarly affected Kupffer cells in the liver 
reticulum cells in the spleen and lymph nodes and 
epilhehal ceils in the kidney and m several endoenne 
organs contained sumlar deposits with similar scam 
Ingproperues The ganglion cells m both central and 
peripheral segments of the nervous system were 
swollen but the deposits in the swoUen ganglion cells 
were made up largely of water insoluble lipoid gan 
ghosides with little or no MPS Gangliosides were 
found in small amounts by Brante in the epithelium 
of the renal tubules reticulum cells in the spleen in 
the comeal cells and in the connective tissues of the 
blood vessels and cardiac valves of gargoyles 
In 1957 and 1958 Dorfman and Lonnez and also 
Meyer and his associates demonstrated excessive 
amounts of mucopolysaccharides chondromn B sul 


fate and hepantin sulfate in the unne of gargoyles 
and so provided a valuable diagnostic test In 1961 
Meyer studied two patients who excreted hepantin 
sulfate only In the same year Lamy and Maroteaux 
reported the excrebon of keratosulfate only In a Mor 
quio dwarf In 1963 the same authors reported the 
excretion of chondroitin B sulfate only in a single pa 
bent Sanfilippo and associates m 1963 confinned 
Meyer’s finding of solitary urinary excretion othepar 
icin sulfate m several gargoyles and pomted out that 
mental retardabon was unusually severe in such pa 
bents The somabc changes, however, were relatively 
mild 

Current knowledge of the different types of distur 
bances m mucopolysacchande metabolism provides a 
biochemical classificabon of enbues previously called 
Hunter Hurler disease, Morquio’s disease hpochon 
drodystrophy, gargoyhsm and dysostosis multiplex 
names largely based on clinical and radiographic 
findmgs In the follovnng discussion of mucopolysac 
chandosis we have followed the classification of 
McKusick 

Prenatal diagnosis of MPS is possible by studying 
the fetal cells in the amniotic fluid removed after 
transabdominal amniocentesis j\fter culture m vitro 
these cells present two diagnostic features They in 
corporate radioactive sulfate into their mucopolysac 
chandes and they stain differenually mth toluidine 
blue In a study of three pabents Madsen and Linker 
concluded that vitamin A in large doses is decnmen 
tal to pabents who suffer from MPS 
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Mucopoli/succhartdosis (MPS I> combined chon 
droitin B sulfattirta and hepartitn sulfaturia 
(Hurler’s syndrome) —-This type is made up largely of 
patients who were called gargoyles prior to biochemi 
cal classification They are dwarfed and retarded 
mentally Deafness is often severe and is progressive 
The usual clinical manifestations Include large hy 
drocephahc type of head ugly, coarse and sometimes 
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puffy facies, prominent supraorbital ndgcs, large 
nostrils with enlarged turned up nasal tips, sunken 
nasal bridge (saddle nose) with nasal obstruction, 
large thick everted patulous bps, large and some- 
times protruding tongue, steamy clouding of the cor 
neas. thick and long eyelashes and eyebrows (Figs &- 
368 to 8-374) The teeth are small and widely spaced 
The neck is short The scapulas tend to be highly and 
widely spaced Cardiomegaly and cardiac murmurs 
are common Shallow kyphosis of the spme near the 
thoracolumbar junction appears early, sometimes 
during the first months of life Abduction of the arms 
at the shoulders may be hmited to 90 degrees, due in 
part to severe varus deformity at the proximal end of 
the humerus The hands are broad with stubby, thick 
fingers held in demiflexion at rest. The ankles are of 
ten stiff after rest when pabents may walk on their 
roes Respiratory movements may be inhibited by hm 
itatian of costal movements at the costovertebral 
joints The skm may be lumpy due to deposits of 
mucopolysaccharides, and many gargoyles are cov 
ered with excessive but fine lanugoltke hair Diag 
nostic climcal signs are usually not present at birth 
but develop slowly during the first year 

Metachromauc granules in the circulating leuko- 
cytes (Reilly granules) are present in only a few pa 
aents Pearson and Lonncz found mucopolysaccha 

Fig > SSt. -Typ ea) gargoyle tac es (Mbs 1) ol a boy 4Vi years 
olage The head is large lace large the nasal bate depressed the 
lip ol the note enlarged the nostrils sr» largs tht upper I p Is 
long and both ipt ars thick the teeth are widely spaced the 
mand Ole ■$ large and the neck Is short 






Rg ».369 -Hurlerssyndrome(MP2 1) A, fte»n!al and8.iaieral ' 
views o( a boy 4 years ol age who exhihiied marked sk^elal f 

changes ot the osteoporotic type (see also Fig 8 378) ' 
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. Rg 8 370 -A, gargoyle (MP5*1) boy aV] years of 
' age and B. gargoyle (MPS-l)gfrl 20 months of age with 
shallow kypnosas at the lower thoraeolumbar levels 
The short neck large ears sunken bases of nosas 
large nasal lips and thick long lipa are also evident 


Fig 8 371 -Mucopolysaccharide (MPS 1)8wellip>g of the upper 
gums which extend caudad below the bit ng edge of the widely spaced 
teeth and interfere w th the chewing ot food in a gargoyle g rl 8 months 
ol age 



1(M6 



Flfl 8 372 L m tat on of stidgct on ot he a mstoabou 90*a 
bo t) aheu dera n a ga goy a (MPS ) get of 2 mon ha. The a ge 
t pa of he noae and nos saewe shown and hew de spec ng 
Of the tee h 


ng 8-374 Ga goy e (MPS ) boy A. a 8 yea s w h a ama 
head la ge ears and cha ae ens e nose and ps Bo i> co neas 
wee seamy (not ev dent on fh s p n) B a 8 years the co 


Pig 8 373 Gargoy e (MPS 1) boy 9 years of age w th earn 
e« on a est n a of me )a ge o n a pot be y umb ea he nta, 
wde subby hands and f ngers typ ea faces short neck and 
arge ears The r>comp e e es ens on of the jo nts p oduees a 
c ouch ng s ance Tha shou ders a e h gh w da and aqua e 

neas a e opaque and m kywh e Kypartnchoss sev dent on the 
lace and aca p U nary po ysaeehandas we e not es sd and s 
poss b e that he s an esamp e ol mucopo ysaechandos s type 5 
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Fig 8 375 (left) -Girgoyle (MPS 1) hind ind wn»t «t 3^ 
years of age Sim lar changes were present m the other hand and 
wrist All of the tubular bones are shortened and w dened Their 
cortical wa is are thm and the medui ary eavit es large end d let 
ed The metaoarpa s except the first are p nched and pointed at 
the r proximal ends The f fth metacarpal is the most affected 
The phalanges are alt po nted and rounded at the r distal ertds 
Thedsial phalanges are hypoplastic The epiphyseal ossification 
centers are small and appear late The round bones lr> the wr st 
are small Bone age approximates that for e healthy ch id of 12> 
15 months The distal end of the radius is i pped toward the distal 
end of the tipped ulna which <s also ooiique 
Pig 8 376 (right) -Hand and foot of a gargoyle (UPS t) ? 
years of age Changes in the tubular bones of the hand are s mi 


ler to these In Figure 8-375 However the metieerpefs are 
p nched end po nted at both ends with t ny oss fieat on oenfers at 
the pinnacles of the p nched segments d staily The d etsi phti 
angessre marliee)y hypopitsie fh* primary center m f/te dsfai 
phalanx of the second digit has not yet appeared In the foot the 
tubular bones are e ongsted and slender with p neh ng and 
point ng of metatarsals 2 3 and 4 Metatarsal 5 la relat vsly wid 
ened In all the corucai wai a are thin and the medui ary cavit es 
are d leted The pedal phalanges are all of the same ea ber and 
their d siai ends are pe nted The middle and d etal pha angee are 
markedfy hypoplastic and alow in appearance t me The stenoses 
of the tubular bones In the feet were a milar to thoss In Iha proxi 
msl hahes of the lemurs and bases of the ilia 


nde granules in maciaphages of the bone maxrow 
however, in 17 of 18 consecutive patients with Hur 
lers syndrome The incidence of metacbromatic 
granules m bone marrow of the less common types of 
MPS will not be known until after more patients are 
studied 

The radiographic changes in the bones appear to be 
due to maifvnction of the osteoblasts and chondro 
blasts secondary to accumulation of mucopolysac 
chandes m them The principal radiographic findings 
are shown in Figures 8 375 to 8 386 Metaphyseal 
changes are chaiaetenstically slight In the shafts of 
the long bones however, the distinctive changes are 
due to disturbed modeling which early produces 
shafts of increased girth with thick cortical walls and 
narrow medullary cavities but the cortical walls are 
thin and the marrow cavities dilated later Reduced 
growth of the proliferative cartilage is responsible for 
the dwarfism Asymmetrical growth in the length of 
the two sides of the same shaft paiticulariy at the 
distal ends of the radius and ulna, often Op the ends 
of these shafts toward each other Overconstriction 


results in pointed conoidal proximal ends of the meta 
carpal bones which are also sometimes hooked and 
flattened on one side Dunng the early years the tubu 
lar bones of the hands may show the most diagnostic 
changes The distal ends of the phalanges are usually 
rounded or pomted and the terminal phalanges are 
hypoplastic and may ossify late Adequate studies of 
the feet have not been made 
Radiographic changes in the skuU vary greatly in 
different patients The hydrocephahc type is the most 
^ common (see Fig 1 91) The calvaria is enlarged and 
digitabons of the sutures are elongated The pituitary 
fossa is often elongated ventrodorsally into a J shape 
'due to long recesses under the antenor cllnoid proc 
esses An arachnoid cyst may enlarge and deform the 
pituitary fossa. Flattemng of the condylar process of 
the mandible near the molar teeth may be present 
In the spine a shallow thoracolumbar kyphosis is 
the rule due to hypoplasia of the bodies of the first or 
second lumbar segments In lateral projections the 
upper antenor segment of these bones is usually 
defective, which produces the ' hook ’ vertebra at the 
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Fig 8-3T7 -Hurlers syndrome (MPS 1) Characteristic roent hand 

gen changes in a girl 20 months of age A, upper ealien^fy taperi 

showir>g marked swelling and tapering of the short stubby shafts gular i 

the coriicalis IS thick B, lower extremit es in which there is min»- rad us 

mat swelling of the shafts and no chondrodystrophic changes C 


I ckerted scterot c shafts n F gur 


Fig 8 378 — Osteoporot e type of Hutiersayrtcironie in a boyd shafts n th s case wih the th 

tars of age The eort cal s in all the bones is th n and the spon 377 

osa appears to be defect ve Contrast the Ihn osleoporotc 


Fig 8 379 (left) -Hurre us varus Of the pros mai term nal seg ^afis of a gargoyle g ISO months of age The base of each I 

ant of the humerus of a gargoyle (MPS 1| 30 months of age snariowed The bones of the hands and arms were swo an 

F g 8 380 (right! -B latere prox mat stenos s of the femora 
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Rg B 381 (above) — Spatu)ate r bs p nched at the r venebral 
ends but flat ng laterad and d lated and blunt at the r stetnai 
ends n a gargoyle (MPS 1) g rl 20 months of age 

Fg 6 382 (right) —Stenoses ol the bases of the lawhch 
create a false enlargement of the acetabular cav t es and 
»ncrease the acetabular artgles The pro* mal erids ol the tetnuis 
are markedly stenosed and these slender bones are bent nto 
severe varus deform t es At about the level of the trochartleis 
the femoral shafts beg n to ncrease n g rth and at m dshaft 
they are beg nn ng to approach normal eal ber The pat ent a 
g rl was a gargoyle (MPS 1) 20 months of age 



Rg 8 383 -Deep ndentat ons (upper arrows) n the late at 
masses of the let and 2nd sacral vertebrae of a gargoyle (MPS t) 
boy S years of age The lowest errow po nts to stenos s of the base 
el the I al w ng (Courtesy of 0 John Lane L tt e Rock Ark ) 



Rg 8 384 -Hypop as a of the Ist lumbar body (MPS 1) w m 
$1 ght d sfocet on dorsad w th the apex ol the kyphos s al th $ 
level Thepedcfes aree ongated slender and rregularlym nerai 
led The dorsal edges ol the lumbar bod es a e concave dorsad 
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Fig a ass -Small rarer ed pedcles w deep ycorteave dor 
sal edges el the lumbar ve tebra bod es ot a gargoyle (MP$ i) 
boy B years of age These changes a a s m a to those ol n 
creased nt asp na p assure caused by local imrasp nal lumo $ 

apex of the kyphosis (see Figs 9 38 and 9 39) fn 
many older gargoyles the pedicles are slender and 
rarehed and the dorsal edges of the bodies especially 
in the lumbar levels are curved (convex ventrad) In 
one of our patients the upper edges of the lateral 
masses were deeply scalloped (Fig 8 385) 

In the shoulder girdle the scapula is rarefied and 
appears to be ballooned out with thm cortical walls 
The clavicles may be thickened in their medial halves 

Fig 6 386 -Scleros s and rregus destruci on ot the lateral 
ha f of the dav c e n a severely retarded and dwarled gargoy e 
11 yea sol age IMPS 1) Thescapusisswo enana a a edand 
la ac om on process sha pened S m ar changes we a p eseni o 
the other shoulder bones (Courtesy ol D Marv n Daves Oenve 
Coo) 



and stenosed and hooked in their lateral halves (Fig 
8 386 and see Fig 2 67) The nbs are charactensti 
eally swollen in the same fashion as the other long 
tubular hones and they narrow the intercostal spaces 
correspondingly (see Fig 2 67) The ends of the nbs 
are stenosed while the intermediate segments are 
widened and often present a bladebke or spatulate 
conlour(Fig 8 381) 

In the pelvis the most conspicuous change is the 
hypoplasia and stenosis of the bases of the ilia which 
give nse to factitious enlargement of the acetabula 
(Figs 8 381 and 8 382) This is one of the most char 
acteristic and constant skeletal signs of MPS The 
pubic and ischial bones although slightly dilated axe 
relatively little affected 

In the long bones of the extremities the basic 
changes are errors m modeling of the diaphyses 
which result in swollen shafts with varymg degrees 
of cortical thickness and thinness and varymg de- 
grees of stenosis and dilatation of the medullary ca 
nals One or both ends of the shafts may be pmched 
and pointed generally the end of the shaft which 
grows the less is the more pmched The ends of the 
shafts of parallel bones may be bent toward or away 
from each other due to unequal longjtudmal growth 
in the neighbonng prohferauve cartilages of each 
parallel bone The epiphyseal ossification centers 
appear late and are small but not necessarily de- 
formed One of the most inierestmg and characteris 
tic features of the growing gargoyle skeleton is the 
stenosis of the proximal halves of the femurs in asso- 
ciation with stenosis of the bases of the iba In con 
(rasl the distal ends of the femurs are usually only 
sbghtiy affected and this is true of the tibias How 
ever in the feet the metatarsals may be elongated 
and slender when the metacarpals are broad and 
stubby (see Fig 8 377) Usually the tibias are the 
least affected of all the tubular bones they may be 
normal when advanced changes are present in bones 
of the arms ilia femurs and bones of the hands and 
feel The most striking and consistently diagnostic 
changes are usually found in tubular bones of the 
hands and the ilia even m the mildest cases The 
neonatal and early mfantile patients and their bones 
have been studied fn but a few cases We observed 
the evolution of the clmical manifestation and radt 
ographic changes In the skeleton m one patient from 
birth through the 18th month (Figs 8 387 to 8-389) 
During the first weeks the tubular bones were elon 
gated and slender but external cortical thickening 
was evident as early as the 8th day in one patient 
This external thickening increases the girth of the 
bones and thickness of the cortical walls temporarily 
but IS soon compensated for by a reaming out of the 
thickened corUcal walls after several months this 
resulted in thin cortical walls around dilated medul 
lary cavities with pinched pomted and cone shaped 
ends of the short broad shafts the classic gargoyle 
changes The varus deformity in the proximal end of 
the humerus develops from this shrinking pmching 
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^9 8 337 —Gargoyle (MPS-I) nlanl8tage4months<AarKlB) 
and at 16 months (C and D) The large nasal t psand nosU Is are 
suggestwe at 4 months and class cat 16 months The depress ons 


at the ankles were p esent at b rth and we bel eved they were 
due to p ertatat compress on secondary to tau ty fetal pos t on 
ot the teet 




Fig S 381 -Progress ve changes (MPS 1) irt ir>e bones ot trw us and ulna are also theker arid more easily seen InCthemsta 

hand and forearm at 8 days (A) 10 weeks (6) and 16 months (C) cacpass'e now broad and short and pinched at both ends their 

In A the tubular bones in the hand are elongated and slender conical walls are th n and medullaiy cavil es are d lated The 

The radial and ulnar shafts are covered by fa ni cloaks of caioum phalanges ere sharpened at their distal ends only The term nal 

density In B all of the metacarpals are thickerted externally by phalartges are hypopiast e Bone age is retarded Same patient u 
excess of rtew eorhcaf bone The mm external fayers on the ra* in Figure 9 367 


Fig 8 389 -Progressive changes (UPS-t) m the rghi burner 
us at 6 days (A) 4 months (B| 6 rronihs (C> and 18 months (0) 
In A the dorsal cortical wall is thickened In B this thicken ng has 
increased In C the cortical thickening has d sappeared and now 
the cortical walls are thin and the medullary eav t es d leted The 
epiphyseal ossificat on center (arrow) is we i behind the shaft 
the end of wh ch is beginning to bend dorsad and tnediad The 
distal end of the shaft is now pinched and pointed In D the prox 


imai end of the shah i$ bent sharply backward and mad ad Into a 
90* varus delorrruty with the second ep physeal oss f cation can- 
ter ly ng d recily above ita auperior edge The ent re shaft is now 
consinctittg especially in the proximal half Th a varus deformity 
at the proximal end of the humerus is largely responsible for the 
fun tation of abduct on at the shoulders m many gargoyles Same 
patient as inFigurese 387 and 8-388 
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process at the proximal ends of the shafts (Fig 8-389) 
The stenosis at the base of the lha in the proximal 
halves of the femurs also became evident durmg the 
first year 

The severe moderate and mild skeletal changes In 
the different types of MPS in different patients with 
the same type of MPS in siblings and in patients with 
pseudomucopolysacchandosis and the lipomucopoly 
sacchandoses are all illustrated and discussed in the 
excellent paper by Spranger and Schuster “Diey 
found the changes m bones of the hands pelvis and 
spme to be the most charactenatic of the different 
types 

Among eight cases in younger infants reported by 
Landing and associates as famihal neurovisceral hp- 
idosis ” one had radiographic changes m the skeleton 
similar to those m one of our infant gargoyles Land 
Ing s patients however had gangliosides in their 
tissues rather than polysaccharides It should be em 
phasized that none of Landing s patients had classic 
severe gargoyle changes m their skeletons More re 
cently ScoU and co-workers studied one infant who 
had radiographic skeletal changes similar to ours and 
they found polysaccharides in the renal epithebum 
They also found the alkaline phosphatase actnity of 
the serum to be unusually high (364 King Armstrong 
units) 0 Bnen defined generalized gangliosidosis as 
a storage disease characterized by cerebral degenera 
aon and death durmg the first two years of life and by 
the storage of gangliosides in the brain and viscera 
and the storage of mucopolysaccharide in the viscera 
only The mucopolysaccharide is structurally similar 
to keratosulfate lannaccone and Capotortl discussed 
two female infants 1 day and 6 months of age who 
had severe classic skeletal changes of Hurler s dis- 
ease The unnaiy excretion of mucopolysaccharides 
was normal the blood findings were normal and 
there was no histochemical or microscopic evidence 
of the accumulation of mucopolysacchandes or lipids 
m the tissues The nature of the storage matenal was 
not determined It is now clear that there are several 
storage disorders which simulate gargoylism clinical 
ly and radiographically but differ from it chemically 
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Mttcopoiysacchandosts <MPS 2) chondroitin B 
sulfaturia and hepantin suffaluna (Hunter’s syn 
drome) is differentiated from MPS-1 by its limitation 
to the male sex absence of comeal clouding milder 
mental retardation longer survival rate and better 
auditory acuity It is believed that most of the gar 
goyles who survive until middle and old age are of 
this type The radiographic skeletal changes are simi 
lar to those but often less marked than in MPS 1 It 
IS estimated that MPS-1 is five times as common as 
MPS-2(McKusick) 
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Mucopolysacchandosis (MPS 3) hepantin sulfa 
tuna only (Sfln.fi/ippo syndrotne) was first identified 
by Meyer chemically ui 1961 and was studied clinl 
caDy by Sanfilippo and his associates in a larger 
group of paaents Sanfilippo recognized that the men 
tal retardation was unusually severe but the somatic 
changes were relatively mild Clouding of the cornea 
and signs of cardiac disease were rare In (he same 
group Longer found radiographic changes in the skel 
eton similar to those In MPS 1 but milder with the 
most diagnostic slight findings in the hands pelvis 
and spine Loss of stature is moderate or slight and in 
some cases stature may be above the average (Lamy 
and Maroteaux) Owing to the lack of convincing di 
agnostic chnical signs it is probable that in many of 
these severely retarded children MPS is never detect 
ed and they have been confined to homes for the 
mentally retarded under the diagnosis of unexplained 
mental retardation Unnary screening tests for poly 
sacchandes of all mentally retarded children will 
probably correct this error and give us a much better 
knowledge of the incidence of MPS-3 
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Afucopo/ysflcchandosis fA/PS4) keratosulfaturla 
only (Morquio s disease) —This disease is much less 
common than any of the three MPS s just described 
and differs substantially in the radiographic changes 
in the bones It is obvious now that disease as defined 
b) Morquio and Brailsford on clinical and radl 
ographic grounds has long been grossly overdi 
agnosed In 1961 Maroteaux and Lamy identified 
keratosulfate in the urine of a Morquio dwarf and In 
the same year Zellw eger and associates found muco- 
polysacchanduiia and opacities in the corneas of 



1056 ! SECTION 6 The Extremities 



Fig 8 S90 ->C^araeter$t e da'orm tes n Morqu o $ d i«as« 
(FromMorquo 1935) 


their patients they proposed the najne Morquio-UU 
rich disease The Morquio dwarf is normai mentally 
The corneal changes come on late In MPS-4 m most 
cases they are not visible to the unaided eye unid late 
in childhood The cardinal clmicai and radiographic 
signs as descnbed originally by Morquio are still valid 
for older patients Morquio $ patients were aged 14 
(gul) 8 IS and 19 years The disproportionate short 
ness of the spine due to umversd vertebra plana is 
responsible for most of the diagnosdo deformiues 
which include a normal head on a short neck The 
thorax abdomen and pelvis are all shortened in con 
trast to the relative long extremities (Fig 8 390) The 
ventral thoracic wall attempts to lengthen normally 
but IS anchored to the shortened spme and in com 
pensation the sternum and costal cartilages bulge 
forward in the upper thoracic levels to produce one of 
the most characteristic features of the Morquio 
dwarf Stature is always reduced primarily due to the 
shortness of the spine The short spine may be 
straight kyphotic or lordonc Scoliosis of sigsuficant 
degree is rare in children Knock knee dcvelc^ early 
and IS usually severe in young patients and crippling 
in older ones All patients have flattened weak feet 
which become cnpphng deformiUes m later years 
Generalized and regional muscular weaknesses de 
velop as age advances In some patients this has been 
attributed to spmai compression at the levels of the 
Ist and 2nd cervical vertebrae secondary to hypi^la 
sia of the dens of the 2nd cervical vertebra and dislo- 
canon of the dens dorsad In one of Morquio s ongmal 
patients now about 50 years of age (examined by us 


m December 1967) the lower extremities were spas- 
tic with almost omplete loss of muscular power 
Muscular powe n his arms and hands in contrast, 
was normal Swellings at the sternal ends of the nbs 
are suggestive of a rachinc rosary m some patients 
and eversion of the lower nbs sometimes produces a 
groove similar to Hamson s groove of nckets Mental 
Jty is normal Facies are not charactenstic but m 
some older patients the mouth is wide and the Ups are 
thick, cheek bones are large and prominent Although 
the jomts are not stiff many patients assume the 
semiflexed stance of MPS 1 especially at the hips 
The radiographic changes in the skeleton have 
always been difficult to evaluate accurately because 
of the marked vanadons at different ages and be- 
cause until recently the clinical diagnosis was uncer 
tarn owmg to our ignorance of such supporting signs 
as dental dysplasias and corneal opacities and of the 
diagnostic chemical finding of urinary excretion of 
keraiosulfate Langer and Carey studied 10 Morquio 
dwarfs radiographically at varying ages from 15 
months to 52 years whose corneas were inspected for 
opaaties and one half of whom had urinary tests for 
mucopolysacchandes and all of whom had all theur 
teeth inspected fcrdyspJasias The findings were posi- 
tive in all of the panents so examined pointed dental 
cusps and lamellations of the enamel were present in 
8 of the 10 panents the other 2 had lost their teeth 
from dental canes Both deciduous and permanent 
teeth had gray crowns with pitted enamel which was 
thm and often flaked ofi^ In this relatively large group 
of Morquio dwarfs and with the advantages of cheml 
cal tests and accurately defined clinical signs Langer 
and Carey were able to establish the detailed skeletal 
changes m Morquio disease They found the most 
consistent and most characteristic changes to be in 
the spine pelvis hands and wnsts The vertebral 
bodies were oval in the young child and become elon 
gated and flattened ventxad m the older child they 
then became rectangular and flattened in the adult 
The inlervcrtebral spaces were deepened at all ages 
Actual vertebral plana was never well developed in 
young children Dunng the Isi year the bases of the 
ilia were harrowed owing to hypoplasia of the bone on 
the edges of the acetabular cavities whose upper 
edges were roughened With advancmg age this llial 
stenosis increased with factitious enlargement of the 
acetabular cavities and at the same ame the femoral 
necks began to lose their angles and the femoral 
beads began to flatten These processes continued 
until the femoral heads were resorbed completely and 
the femoral necks were thickened 
Changes were present m the hands and wnsts early 
in life when they simulated the mild changes of 
MPS 1 (gargoyhsm) In the younger child the epiphy 
seal ossification centers in the round bones of the 
wnsts were small and appeared late but they were 
not deformed The pmched appearance of the proxi 
mal ends of the metacarpals and distal ends of the 
phalanges was present early this is identical with the 
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corresponding changes in MPS-1 The tipping of the 
ends of the ulna and radius also simulated MPS 1 
the differential diagnosis of MPS 1 and MPS-4 cannot 
be made radiographically in many patients during the 
first years of life from the changes m the hands alone 
In the older child flattemng of the epiphyseal ossifi 
cation centers and the angular contours in the round 
bones became evident while the proximal ends of the 
metatarsal shafts were losmg their cone shaped de 
fomuties These changes were most characteristic in 
the older child In the adult the most striking change 
was the disappearance of some of the carpal bones 
which were present earher In one of Morquio s ongi 
nal patients at 50 years of age (observed by Soto in 
Montevideo) all carpal bones were mvisible radio- 
graphically The epiphyseal changes were not promi 
nent after fusion of the primary and secondary ossi 
ficatiOD centers Tippmg of the ends of the radius and 
ulna mto obhque planes persisted into adult life 
It is probable that some of the margmal epiphyseal 
changes in older patients are due to stress rather than 
to simple dysplasia During early Ufe the metaphyseal 
changes dommate the picture 
In the large tubular bones errors m modeling may 
produce increases in their girth ivith large meduUaxy 
cavities similar to hut less marked than those in MPS 
1 Hypoplasia of the odontoid process mtb dorsal dts 
location of the 2nd cervical vertebra is often found in 
patients with generallred muscular weakness Wid 
ened nbs may narrow the mtercostal spaces The 
final diagnosis m the skeleton muse rest however on 
the changes in the spme pelvis and hands During 
the first years of life the radiographic skeletal 
changes simulate those of MPS 1 so closely that dtf 
feientiaaon is best based on identification in the unne 
of the appropriate mucopolysaccharide keratosulfate 
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AfueopoJysacchartdosis (AfPS S) chandroitin $ul 
fate B suJfatuna (Scheie s disease) is said to be char 
actenzed by peripheral clouding of the corneas 
which is the cardinal climcal finding Mentality is 
normal or superior and the stature is normal or mod 
erately reduced The joints are stiff hair is excessive 


and the hands may be flexed McKusick found aortic 
regurgitation in some pauents The radiographic 
changes in the growing skeleton are not known 
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Mucopolysacchartdosts (MPS 6) chondroilin B 
sulfaluna only (Lamy Marateaux) is characterized 
by short stature which becomes evident at about 2 
years of age At the same time knock knee lumbar 
kyphosis and high ventral protuberance of the $ter 
num and costal cartilages begm to become apparent. 
Thick lips with large nostrils and enlarged nasal tips 
suggest the facies of Hurler s disease Semiflexion is 
the rule at all of the large Jomts and in the joints in 
the hands Liver and spleen are enlarged Mentahty is 
normal during the first ten years of life at least Radi 
ographic skeletal changes are similar to those in 
MPS-1 but are usually less severe BUateral coxa 
plana and coxa valga were present in one of Me 
Kusicks patients The corneas become cloudy early 
Metachromaoc granules have been found m the poly 
morphonuclear leukocytes and lymphocytes Ihese 
patients excrete large amounts of chondroitin B sul 
fate in the unne this polysacchande only is excret 
ed in excess 
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Rheumatoid type of MPS —Winchester and asso- 
ciates using tissue cultures of cutaneous fibroblasts 
efarmerf co ftaeir a new MPS la nifcA tfle 

changes in the skeleton simulated those of rheuma 
told axthntis Their two patients were siblings of a 
consanguineous marriage The facies suggested gar 
goylism and there were focal opacities in the peri 
phenes of the corneas Mucopolysacchandes were not 
found in excess in the urine 
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Mannoitdosis — Kjellman and co-workers studied a 
patient with a storage disorder in the central nervous 
system in whom biochemical tests demonstrated a 
deficiency of the enzyme alpha mannosidase In the 
liver Some of the clinical findings suggested gargoy] 
Ism, but the radiographic changes in the skeleton 
■were slight and not diagnostic. 
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fucostdosis was disclosed m two siblings whose 
parents were cousins by Durand and colleagues They 
concluded that this was a new type of neurovisceraj 
disease Both patients underwent severe progressive 
mental retardation and gradual loss of muscular 
power which progressed to spasQcicy and decorticaie 
ngidity emaciation thickening of the skin excessive 
sweating and cardiomegaly Respiratory infections 
were common The boy died at 4 years and the girl at 
5 years Glycobpids accumulated m the skm lympho- 
cytes and other tissues Chemically the basic defect 
appears to be an absence of alpha l fucosidase The 
hearts were enlarged radiographically skeletal find 
mgs were not reported 
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Marfan s syndrome —This is characterized by elon 
gallon of the tubular bones especially those m the 
hands and feet hypoplasdc and hypolomc muscula 
ture and dimmished subcutaneous fat At least half 
the patients have had bilateral dislocation of the ocu 
lar lenses and contracted pupils which do not respond 
to mydnaucs The latter is due to absence of the dila 
tor muscle Congenital cardiac disease has been pres- 
ent in about one third of reported cases 

Marfan s syndrome is simulated In many of Its fea 

tures by homocystmuna. namely ectopia lentls aortic 


aneurysm and the skeletal changes Adler and Nyhan 
reported arachnodactyly in a patient who suffered 
from keratosis folliculans spinulosa decalvans The 
available evidence suggests that this complex is fun 
damentally an anomalous development of the mes> 
derm which begins early in fetal life The kyphoscoLo- 
SIS (Fig 8-391} found in many cases is secondary to 
muscular weakness In two cases of arachnodactyly 
Landuca found the manifestations of Ehlers Danlos 
syndrome 

Diagnosis is usually manifest after direct mspec 
non of the hands and feet which are elongated (Fig 
S-392) The roentgenogram discloses a relative and ab- 
solute eiongaljon of the phalanges metatarsals and 
meiacarpals the other long bones are usually also 
elongated but the proportionate elongation increases 
progressively from the shoulder to the fingertips and 
from the hip to the toes (Fig 8-393) The corticalis is 
diffusely thin and the spongiosa dehcate maturation 
IS normal or advanced The pulmonary emphysema 
and pulmonary cysts found in many young patients 
are due according to Bolande and Tucker to weak 
ness of the interstitial supporting tissues of the lungs 
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McKuilek V A HentabU DiMtders of Connoctive Tissue 
(3rded St Louis C V Mosby Company 196S) 

et cl The geeieac mueopolytaccba^es Medicine 44 
445 1965 

Cletdocranial dysostosis has two pnncipal radi 
ographic components hypoplasia of the clavicles 
and slow and Incomplete ossification of the calvarium 
(see Figs 1 87 and 1 88) Associated deficiencies of 
ossification in the pelvis and spine are common 
Roentgen examination of the enure skeleton wiU 
show associated anomalies m the tubular bones of 
many of these pauents In a report on 70 cases Jack 
son recorded dysplasias in both ectodermal and me- 
sodermal structures— teeth facial bones sternum 
scapulas vertebrae pelvic bones long bones meia 
carpals and phalanges as well as in the calvaria and 
clavicles Complete or submucous cleft palate has 
been present in some pauents The number of teeth 
may be excessive and simulate a third eruption The 
paranasal sinuses are often small or absent The mas 
toid processes are said to be small and poorly pneu 
matized oiving to the weakness and Jack of molding 
by the sternocleidomastoid muscles 
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Osteopoikilosis (spotted bones) —The salient fea 
tures of this condition are multiple sclerotic foci in 
the ends of long bones and scattered stippling in 
round and flat bones (Fig 8-394) Small focal scicrot 
ic shadows are cast by local thickenings of the spon 
giosa the overlying cortex is normal All except the 
cranial bones may be affected Osteopoikilosis Is 
symptomless the diagnosis is usually made fortui 
tously In the x ray examinaUon Several members of 
the same family may be affected the condition is 
transmitted genetically Many cases of spotted bones 
have been described in children and Green men 
uoned fetal and neonatal examples of this syndrome 
Osteopoikilosis is not a residual of chondrodystrophia 
calcificans congenita Lenticular fibromas of the skin 
have been found in a few cases of osteopoikilosis 
(Cunh) ^^lth increasing age the lesions may disap- 
pear completely or they may increase In size and 
number The lesions fluctuate in adults, but not as 
rapidly as in children 
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In one patient, we have seen osteopoikilosis and 
melorheostosis associated (Fig 8-395), it is possible 
that these two rare syndromes have the same patho- 
genesis 
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Fig 8-396 -Osleodystrophta fibrosa inaboySyearsol age A, 
map of the skeleton showing patchy predominately left sided 
involvement. B, forearm showing dilatation and cystic rarefac- 
tion of the left radius C, lower extremities showing streaky rare- 


Naiher, F B Osteopoikilosis Report of four cases. Am. J 
Roentgenol 35 495, 1936 
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Osteodystrophia fibrosa (McCune Albright), poly 
ostotic fibrous dysplasia -This bizarre condiuon is 
cbaracienzed by pTedominantly umlateral fibrosis of 
the skeleton and hyperpigmentation of the skin, in 
females, maturation is accelerated and puberty is 
precocious The pathogenesis is obscure, although 
there is some evidence that the dystrophy is of neuro- 
genic origin Osteodystrophia fibrosa has not been 
found m embryos, pr infants, our youngest case was 
recognized at the age of 3 years It is becoming evi 
dent as more cases are studied that mild forms may 

faction of the proximal end of the left tibia and swelling and elon- 
gation of its shaft in companson with the right tibia The middle 
third of the left fibula is also irregularly osteoporotic and dilated 
O, hyperpigmentation confined to the left arm and shoulder 
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be limited to one bone and that skeletal fibrosis may 
develop without hyperpigmentation of the skin Is 
lands of cartilage in the fibrous tissue once thought 
to be charactenstic of the disease were found In only 
14% of cases by Hams and colleagues and these car 
tilage islands were limited to sites of earlier fracture 
or trauma The cartilage islands are probably residues 
of abortive callus formation rather than foci of prima 
ry cartilage proliferation The femur is almost Invan 
ably involved and usually shows the most extensive 
lesions Aarskog and Tveterras studied a girl who 
developed the signs of Cushmg s disease at ) month 
of age Total excision of both adrenals was done at 
age 4 months The chmcal picture of McCune AIbnght 
syndrome became evident during the 8-44 months 
after the excision 

The roentgen findmgs vary depending on the sever 
ity of the disease The fihrotlc areas appear as scat 
tered patches of Irregular rarefaction which are pre 
dommantly unilateral (Fig 8 396) in the shafts of the 
tubular bones and in the fiat bones and the round 
bones of the wnsts and ankles The epiphyses are not 
affected The lower extremities are the sites of the 
most frequent and extensive Involvement The affect 
ed shafts are often elongated and dilated The com 
calls overlying the fibrosis is eroded from the internal 
aspect sometimes to the point of pathologic fracture 
The fibrosis occasionally invades proliferating carti 
lage at the ends of the shaft interfering with growth 
and producing deformities Cystic radiolucenc areas 
of vatymg size may be interspersed in the areas of 
fibrosis In females the maturation of the enure skele- 
ton is accelerated the bones not affected by the fibro- 
sis show the same acceleration as those extensively 
fibrosed Following adolescence there may be a ten 
dency to subsidence of the fibrosis but this is not com 
plete and the lesions do not disappear 

This disease has commonly been mistaken for hy 
perparathyroidism There are no conclusively dif 
ferenUal roentgen features in these two conditions In 
osteodystrophia fibrosa the lesions are scattered m 
hyperparathyroidism the osteoporosis is usually gen 
eralized In osteodystrophia fibrosa the lesions are 
unilateral or predominantly so and chemical findmgs 
in serum are always mdicative of a normal calcium 
metabolism 
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Localt ed or monostotic fibrous dysplasia of bone 
has become a common diagnosis m recent years The 
anatomic and radiologic changes are similar to those 
in polyostouc fibrous dysplasia but are confined to a 
single bone The other features of the syndrome de- 
scribed by McCune and by AIbnght are not present 
lesions are most common in the craniofacial bones 
Tibs vertebrae and the long bones especially the ra 
dius (Fig 8-397) The eaibest radiologic change is a 
loss of density m the sites where bone is bemg re 
placed by fibrous tissue and canilage (see Fig 8-764) 
Later the whole shaft may exhibit a ground glass rar 
efacuon with dilatation of the medullary cavity and 
mtemal atrophy of the cortical walls m the levels of 
the flbrocartilagmous hyperplasia Diagnosis depends 
on the microscopic findmgs of fibrotic whorls in 
which there are scattered islands of osteoid tissue 
and uncalcified cartilage Solitary lesions usually re- 
spond well to curettage and packmg with bone chips 

Fig t 397 -F brous dysplas a of Ibe p ox mal ha f of the rad 
us (arrow) n a g rl 6 yea s of age whose sk n was not hype p g 
mented The p ox mal half of the r ght rad us s d la ed and ihe 
cortcal wa s are th nnad The affecfed segment has a melted 
ground g ass ra ef ed appea ancs A b opsy spec men showed 
f b ous dysNas a 
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Engelmann Camurati disease (progressive dia 
physeal dysplasia) —In 1929 Engelmann descnbed a 
boy 8 years of age who had symmetrical sclerotic 
swellings of the long bones in the extremities (Fig 8 
398) In the humerus and femur the more distal parts 
of the shafts were affected in contrast the proxunal 
segments of the ulna, radius and tibia were sclerotic 
None of the known causes of bone sclerosis could be 
identified in his patient The lesions were hmited to 
the shafts the epiphyseal ossificanon centers and 
metaphyses were not mvolved The nbs vertebrae 
and pelvis remained free from the disease but the 
base of the skull ivas thickened and sclerotic In 1922 
Camurati had descnbed similar changes m the bones 
of the legs of a boy 7 years of age and also In his fa 
ther 

The pnncipal cluucal manifestation is a waddling 
gait which became evident in one pauent on the first 
attempt at walking but did not appear in another pa 
tient until the eth year The time of first appearance 
of the roentgen changes is not known and it is not 

Fig. 8 398 -Msinuirton muscuK' atroptiy and slender ex 
t em t es in Engelmann s pat enl a boy 8 years ol age (From 
Engelmann ) 


certain whether this is a congenital or acquired dis 
ease The causal agent is wholly unknoivn Malnutn 
tion IS usually an associated finding and all patients 
have tired easily especially in the legs notwithstand 
mg the fact that mitial muscular power before the 
fatigue may be surpnsmgly good These patients ei 
ther run with great difficulty or refuse to run The 
muscles of the legs are characteristically small Intel 
lectual and motor development other than gait have 
been normal 

A review of all patients shows that the basic lesion 
m the tubular bones is a long spindle-shaped sclerot 
1C thickenmg of the cortical walls (Fig 8-399) which 
involves the mtermediate segment of the shaft and 
produces both internal and external swelling of (he 
cortical walls the former reduces the caliber of the 
corresponding segment of the medullary canal The 
metaphyseal zones at the ends of the shafts and the 
ossification centers in the epiphyses are not affected 
With advancing age the sclerosis and thickening ex 
tend m both directions and the bones themselves be- 
come overlong The bones of the bands and feet the 
nbs scapulas and pubic bones are not affected The 
base of the cranium cervical vertebrae and clavicles 
have been sclerotic in some cases and normal in 
others Specimens taken from the shafts in the sites 
of the roentgen sclerosis have shown nonspecific cor 
tical and endostea] hyperostosis 

Girdany found three examples of the disease in one 
family- a mother her brother and her son. The moth 
er was asymptomatic but showed sclerotlcchanges fn 
her bones Her brother who as a child was so weak 
that he walked with difficulty and could not run be 
came normally strong during adolescence and was 
healthy and earned out heavy labor as an adult his 
bones were also sclerotic The son at the age of 12 
was still weak and showed charactenstic changes In 
the skeleton In a fourth pauent 11 years of age Im 
provement in muscular power began after rigorous 
physiotherapy although this child had shown progres 
sive muscular weakness during the previous nine 
years €11x100/$ findmgs suggest that the muscular 
weakness improves and disappears in the early years 
of the second decade but the bone changes persist 
into adult life In the case of Stronge and McDowell 
muscular weakness persisted throughout life until 
the 28 ih year 

Mikity and Jacobsen observed an adult from age 22 
to 54 and found no progression in the bone lesions 
his muscular development and function appear to 
have been normal all this time 
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Fig a 399 —Classic Engelmann s disease In a girl 4 years of iheskuB the membranous bones of the calvaria and camiag nous 
age who d d not beg n to walk until 16 months of age and sbll bones of the base are irregularly th ckened and sclerosed but 

had a clumsy wadd ng ga t and was slow in beg nn rig move the bones of the face in contrast are normal At age 10 th s girl 

ments A B and C in the long bones the cortical walla are thick is said to have had repeated tests for a kaiine phosphatase act v 

ened internally as well as externally which produces concurrent ity in the serum and all y e ded normal values She had become 

increase in the g rth of the bones and constriction of their medul very weak and muscles had become atrophic At this t me the 

lary cav ties at the same levels The terminal segments O! Hie findings in rad ographs of her skeleton and skull which had 

shafts and ep physeal ossification centers are conspicuously become very thick are sa d to have resembled hyperphospha 

unaffected The cortical thickenings extend nearer to the elbows Us a more than Englemann s d sease (Courtesy of Dr Louis R p 

and knees than to the wrists and ankles D in the peivs the ley Roanoke Va) 
bodies ol the ischia show some th cken ng and sclerosis E, n 
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Rg 8-40a-Bengfi fam I a1 id ©path c 
hand (A) (oot (6) and skull (C) of an asymptomat c g rt 3 W 
age In the shafts of the tubular bones the cort cal waifs are th ek 
ened internally at the expense of the marrow ^ ‘ 
narrowed The externa! shape of these bon« Is norrwl ^ 
,n centers and the round bones m the wrist and 


sclerotic because the opaque sponglosa o 


and its mesh is t ghtened at 


base IS scserot c but the membranous calvana except the cce pi 
tat squamosa Is not affected fn the e ght members of Ih $ fam ty 
the degree of bony scleroses appeared to vary d rectty with the 
age ol the ndvlduai 
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Lennon E A et at Engelmann s disease Report of a case 
with review of the literature J Bone Be Jo nl Sure 43-8 
273 1961 

Pyhnodysosfosis (Lamy Maroieaux) is a general 
ized sclerosis of the skeleton which resembles osteo- 
petrosis radiographically hut differs from it in several 
important respects The distal phalanges of the fin 
gers and toes are short and the tips of the fingers and 
toes are clubbed and have large nails which run over 
the tips onto the distal edges More Important ane 
mia thrombocytopenia and splenomegaly do not de 
velop in pyknodysostosis and the prognosis is good It 
IS possible that pyknodysostosis is a separate entity 
but It may be a mild variant of osteopetrosis In some 
cases the sutures and fontanels have remained large 
the mandible has been hypoplastic with widened 
mandibular angle the teeth have been dysplasuc and 
ectopic and the clavicles have been rudimentary 

Fig 8-401 — D ffuse scleros s ol the bones In the loreaim (A) 
and shank (B) of a healthy g rl 3 years of age >n the shafts the 
cort cal wa s are Ih ckened mternally w th conioensaWry oar 
row ng ol the medullary cav t es In the round bones ol the wrist 
and ankle and the large sesamo d bone and pate la the scleros s 
is due to excess of spongy bone w th reduct on ol the rad olu 
cent marrow spaces The external shape of these bones s nor 
nal as are growth and maturat on 
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Benign idiopathic familial osteosclerosis (Figs 8- 
400 to 8-404) occurs m infants children and adults 
This is a radiographic phenomenon m persons who 
are unaware of the changes ui the bones have no 
complaints and have normal findmgs on physical 
exammation Results of standard laboratory tests 
have been normal In particular phosphatase activity 
in the serum is normal So far as I know their life 
spans are not shortened and they lead active carefree 
fives until the radiographic changes in the skeleton 
are demonstrated The radiographic change is a dif 
fuse increase in the density of the bones without in 
crease m caliber or change m the shape of the tubular 
or round bones The changes in older patients are 
usually most marked in the skull with thickening of 
both tables of the calvana at the expense of the depth 
of the diploic cavity The converse is true in children 
in whom the cranial bones are the least affected In 
the other bones there is no deformity of constnction 
and maturation is nonnaL The clinical endocrine 
functions axe normal although there is some sugges 
non that the bone changes increase with age In the 
tubular bones the basic change is a generalized inter 
nal thickening of the cortical walls with a correspond 
mg compensatory narrowing of the medullary cavity 
In the epiphyseal ossification centers u the round 
bones dunng growth the increase in density » due to 
lightening and thickening of the spongiosa at the 
expense of the medullary caviry 
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Hereditary; multiple diaphyseal sclerosis (Rib- 
bing) IS a familial skeletal dyscrasia which resero 
"bles 'Lnge'iinann 5 fnsease m W. 

has not been identified prior to adolescence Paul 
however found climcal and roentgen findings char 
acienstic of Engelmann s disease in the infant son of 
a father who exhibited Ribbmg s disease and whose 
brother had similar lesions This suggests that Rib- 
bing s disease may be the adult form of Engelmann s 
disease 
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Pyles disease (idiopathic symmetrical splaying of 
the long bones) -In 1931 Pyle described a boy 5 
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Fig 8^02 (left) — Dffuse sclerosis of the shafts and epiphy 
seal OSS fication centers of the bones at the knees of art other 
wise healthy girl 1 1 years of age At these levels lit the bones the 
sclerosis appears to be due to excess of opaque spongy bortes 


with deficiertcy Of radiolucent marrow spaces in both the Shafts 
and the epiphyseal ossif cation centers 
Fig B 403 (right) -Diffuse sclerosis of pelvic bones and both 
lemurs of an asymptomatic g ri 3 years of age The sacrum is rel 
atively rtol affected 


Fig e'404.-Severe sclerosis of the skull ol an otherwise 
healthy woman 39 years of age The frenfai sQusmosM parietal 
bones and occipital squamosa are thickened and sclerotic the 
diploic spaces appear to be obliterated The frontal sinuses are 
small Pneumatization of theelhmoids body of the sphenoid and 
temporal bones was normal 



yeais of age who came to him because of ktypck 
knees which bad been noted one year before The boy 
was tall for his age and save for the deformities of the 
knees was said to be “in the picture of health " There 
were no thoracic deformities The long bones In the 
extremities were all enlarged to palpation but \vere 
not tender, there was some limitation of extension at 
the elbows Roentgen examination disclosed spread 
mg of the ends of all the tubular bones in the extreml 
ties (Fig 6-405) In the femur, radius and ulna spiay 
mg was more marked at the distal ends and m the 
humerus in the proximal two-thirds, both ends of the 
ubla were about equally affected In the widened 
segments of the shafts the cortex was thinned but the 
spongiosa was normal At surgical exploration the 
periosteum appeared normal but the cortex offered 
loo little resistance to a bone chisel The bones healed 
normally followmg biopsy Pyle concluded that fail 
ure of normal consmction— failure of shaping or 
modelmg— was responsible for the symmetrical in 
crease m caliber of the shafts at many sites 
Typical severe changes in the tubular bones of the 
extremities and flattening of the vertebral bodies t>f a 
boy 12 years of age arc shown in Figure 8-4(Xl The 
mandibular swelling and expansion of the pubic and 
ischial bones in a girl 13 years of age are ponrayeij m 
Figure 8-407 Symmetrical bilateral dilatation of the 
medial halves of the clavicles is evident in a man 23 
years of age (Fig 6-408) Mori and Holt stated that 
cranial changes arc common in Pyle’s disease pnticl 
pally symmetrical hyperostoses of (he calvaria smd 
mandible and ocular hypertelorism (Fig 8-109) w-ith 
retarded pneumatization of the paranasal sinuses In 
the newborn the skeleton is generally sclerotic, with a 
radiographic picture which resembles osteopetrosis 









1070 / SECTION 8 The Extremtties 



Fig 6 408 -Sp ay ng of the med al ends of the clav cles of a 
man 23 years of age who had Py e t d sease 



However with advancing age the growing ends of the 
shafts begin to lose their heavy density and the med 
uUary cavities become visible until after a few years 
the density of the bones is approximately normal but 
the shafts fail to consmct and never attain normal 
shape and caliber In the newly bom infant with 
Pyle s disease the mandible is said to be more sclerot 
1C than in osteopetrosis In which the mandible may 
not be severely affected Blindness associated with op- 
tic atrophy may occur dunng early Infancy 

Fig 8 409 - Fac al appea ance of two boys 8 yea s of age who 
had class c Pyle a les ons n the long bones Both exh o | ma ked 
ocular hyperte o sm flatten ng of the base of the nose and den 
tal delects The nasal b dges a e extremely broad In one lace 


Urteaga and Mosely found the classic changes of 
Pyle s disease m parts of a skeleton recovered from 
an ancient cemetery in Peru 
Theoreucally Pyle s disease could be due to chronic 
hyperemia of the perlchondnal nng of osteoblasts 
which causes chrome overgrowth latitudinally from 
the epiphyseal cartilage hyperemia in this hypothesis 
IS due pnmanly to congenital hyperplasia of the ar 
tenes to the penchondnal nng 
Gorhn and colleagues argue that metaphyseal dys 
pjasla (Pyle s disease) and cramometaphyseal dyspla 
sia (Jackson) are separate entities In their study of 
films of the skull of Pyle s onginal patient and two 
patients brothers of their own they found only slight 
thickening of the calvana. They did not find the fron 
tal paranasal and occipital hyperostosis and sclerosis 
which they apparently consider mandatory for the 
diagnosis of cramometaphyseal dysplasia 
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the mouth s open secondary to nasal obst uct on wK ch p o 
duces an empty fac al express on Th cken ngs and en argements 
of the I ontal squamosa a e ev dent in both photog aphs (From 
Mo arxf Ho t ) 



Diseases of Bone I 1071 


Feld H et at F amilial metaphyseal dysplasia Radioloey 
65 206. 1955 

Corlm R. J et ol Pyle a disease (familial metaphyseal dys- 
plasia) A presentation of two cases and an argument for 
its separation from ciamometaphyseal dysplasia J Bone 
8c Joint Surg 52-A 347 1970 

Hoimel M B et at Famibal metaphyseal dysplasia Am j 
Roentgenol 70 413 1953 

Jackson, W P U et at Metaphyseal dysplasia, epiphyseal 
dysplasia and diaphyseal dysplasia and related condi 
tions Arch Int 94 B7I 1954 

Kowins C Famihal metaphyseal dysplasia (Pyles diseaseX 

Bnt J Radiol 27 670 1954 

Mori P A and Holt, J F Cranial manifestations of famihal 
metaphyseal dysplasia Radiology 66 335 1956 
Pyle E A case of unusual bone development J Bone & 
Joint Surg 13 874 1931 

Urteaga O and Mosely J E Ciamometaphyseal dysplasia 
(Pyle s disease) m an ancient skeleton from the Mochica 
cultureofPeru Am J Roentgenol 99 712 1969 

Ftbrogenests imperfecta is a rare entity descnbed 
in two adufts Tlie principal radiographic finchng is a 
deficiency and wide spacing of the trabeculae of the 
spongiosa which produce a coarse pattern suggestive 
of a fishnet (Goldnng)— a fishnet rarefaction The ra 
diographic changes are most pronounced m the bones 
and the parts of the bones near joints. Excreuon of 
calcium m the urine and feces was excessive m one 
patient The basic microscopic finding is a diffuse 
deficiency of collagen fibers m newly fonned bone 
matrix of lamellar bone 
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The Miscellaneous Intrinsic Dwarps 

In addition to the primary intrinsic hypoplasias of 
the skeleton which we have just discussed there ate 
several individual types of dwarfism in which the 
primary growth disturbance appears to be m nonskel 
etal tissues and the skeletal disturbance is secondary 
or at ]east not dominant 

Progeria (senile dwarf) is a rare and distinctive 
type of generalized undergrowth a peculiar combma 
tion of dwarfism and premature aging There are no 
mold or even moderate examples this appears to be 
an all-or none disease The diagnosis can be made 
immediately on inspection (Fig 8-410) At birth the 
patient is near normal in weight and normal in ap- 
pearance He grows normally until about the end of 
the 1st year when both normal growth and gain In 
weight slow down never to be resumed At the end of 
the first decade the size attained approximates that of 
a normal child 3 years of age Intelhgcnce vanes but 
it Is often normal and may be supenor The skeleton 
matures normally Jomts become swollen and bent 
and the artenes harden Death comes dunng the first 
or second decade usually owing to coronary sclerosis 

In radiographs the long bones are shortened and 



Fig <-410 -progeila in a btaek boy B years ol aga h a be ght 
equa eO that o< a normal bey 2 /> years of aga The a is no he r on 
the sea p eyebrotvs and eyei d$ The bafd dome ol the head is 
te at veiy large In reiat on to the email lace and mend bie The 
end d the nose is p nened ow ng to hypoplas a ol the nasal can 
(ages The p nched beaked lac es suggests the prol le of a b rd 
and these nd v duals are somet mes exh b led as the b rd laced 
boy in c reus $ deshows The mainour shed appearance is due 
to an a most complete absence ol subcutaneous let The upper 
■ D $ beaked and the angles ol the mouth are elevated in a per 
petuafgrn (From Cooke J 

overconstncied in their central segments with Hares 
at the ends The calvana is thin and relatively large 
and the diploic space is absent or very shallow the 
face IS small with disproportionate smallness of the 
mandible From the outset the clavicles are small In 
caLber and rarefied dunng childhood they may dls- 
appeoT in part or in toto due to progressive fibrosis 
OzonofT and Clemett observed complete fibrous re- 
sorption of the clavicles during a period of four years 
The posienor segments of the upper four ribs on each 
side disappeared radiographically during and shonly 
after the same period Vascular markings and Uotmi 
an bones are conspicuous in the large thin calvarix 
The anterior fontanel closes slowly Bilateral severe 
coxa V alga is said to occur in all patients 
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The Brachman de Lange syndrome has two maior 
components dwarfism and mental deficiency and 
several associated anomalies which include nucro- 
brachycephaly excessive hair generally with a low 
haiilme at the forehead and heavy eyebrows which 
are confluent at their medial ends and long heavy 
eyelashes a pug nose low set ears short arms and 
legs bent fifth fingers proxlmally set thumbs and 


marbled skm The diagnosis is usually first suspected 
and finally made from the characteristic facies (Fig, 
8-111) Mental retardation IS severe usually unbecUic 
In degree Stature is reduced about 90% and head sue 
by 15% Radiographic findings are important only as 
an excludmg agent of other diseases (Fig 8412) The 
microcephaly bent fingers ectopic thumbs retarded 
maturation of the epiphyses and delayed dental de- 
velopment can all be seen satisfactorily m radi 
ographs Chromosome counts have been normal as 
have metabobc and endocrine tests Brachman s re- 
port m 1916 (Jahrb Kinderh 84 225 1916) is proba 
bly the first recorded description of this syndrome 
In one of our patients the tubular bones m the arms 
and legs were stenosed due to loss of width of the 
medullary cavities the terminal phalanges of the 
fifth digits were deformed m the Kimer fashion the 
middle phalanges of the second digits were hypoplas- 
tic as were the first metacarpals (Fig 8413) The 


pig 8 411 —Fades of the Brachrnan-de Lange syndrome n 
four pat ents age 3 5 and 4 monihs and S years The ha r of (he 
scalp and lace s excess ve and the ha rl ne is lowered onto Ibe 
forahead The heavy cyeb ows are eonf uent med a ly The base 
of the nose $ sunken and the nostr Is a e large and flared The 



uppe I p rs deepened between the nose and mouth the I ps are 
in n and the upper I p s beaked n is rn dsag ttal plane The an 
gles of the mouth a e bent caudad n a gr m empty express on 
(From Piaeekef af) 
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proamal phalanges of the great toes were hypoplastic 
and dysplastic Three of the patients of Pashayan and 
associates and of Kurlander and De Myer had othei 
characteristic clinical and radiographic featiies of 
the syndrome but were not mentally retarded 
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Cockayne s syndrome is a rare combinauon of 
dwarfism and mental retardation (Fig 8-414) svhich 
begins dunng the 2nd year of life Deafness and retl 
nal atrophy were present in both of Cockayne s pa 
bents The facies is characteristic due to loss of sub- 
cutaneous fat sunken eyes depressed nose large 
lower jaw and vmnkled and irregularly pigmented 
skin. The arms legs hands and feet are dispropor 
tionately large The head is small In radiographs the 
tubular bones m the hands are short and broad In 


Fig 6 412 -In a Brachman de Lange dwart a g r1 5 years of 
age ihe e ere hypopiast c phalanges in both thumbs 
hypopiasi c • rsi meiaca pa a and hypopiast e bent pros mal 
ends oi the rad uses wh ch appear lo be d slocated dorsad 


contrast to the normal tubular bones in the feet The 
cahana is small and thickened secondary to cerebral 
hypoplasia In one girl the lateral edges of the ilia 
were upped beyond the longitudinal axis of the body 
to make the iliac angles greater than 90 degrees This 
iliuc deformity is the converse of the iliac deformity 
of Downs syndrome (mongoloidism) in which the 11 
lac angles are decreased 

1 1 a girl 9 years of age who suffered from Cock 
aynes dwarfism Fujimoto and associates found hy 
perlipoproteineima fasting hypennsuUnemia and 
ret ai insufficiency with acidosis She did not respond 
n rmally to a challenge tvith normal growth hor 
■nones and an intravenous infusion of argenine 
which suggests that the undergrowth is not due to 
inability to produce growth hormones 
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Fetal dwarfism is characterized by short body 
length and low birth weight in comparison with ges- 
tational age Fetal dwarfs with small heads narrow 
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Fig #-41< -Cockaynss type of dwarf $m n a boy 10 years ol 
age and a normal boy of the same age Snort stature $n iveied 
feces mcroeephaty large ears and lower taw anddspropor 
t onately large hands and feet are all ev dent (From MacOona d 
etal) 


pinched facies prominent eyes sharply angled small 
lower jaws and long beaklike noses <Fig 8 415) 
seem to belong to a special group and ha>c been 
called the bird headed dwarfs by Seckel Radi 
ographic examination discloses the smallness of all 
parts of the body and retarded bone maturation 
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StJrer s syndrome Is a type of fetal dwarfism svith 
congenital hemihypertrophy elevated unnary gona 
dotropins and a variety of anomalies of sexual de- 
velopment. Hemihypertrophy differentiates the Silver 
complex from the other types of fetal dwarfism and 
the diagnosis is not tenable wlhout congenital asym 
metry Miller and associates reported Wilms tumor 
and aniridia with other malformations in association 
with hemihypertrophy Copple and Duncan found 



Fig 8-41$ -Fetal dwarf of the b rd headed type The he ght 
otth sg it 10 years of age approx mates the average for ■ h«a thy 
g rl Syearsofage Her head sfoosma t, the (ace long and narrow 
eyes are targe nose long and protrvd ng I ke a beak and the naso- 
frontal angle is obi terated (see lateral v ew] I pa are Ih ck and 
everted and the lower law is small and po nfed (From Sratay ) 
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adrenal carcinoma in a patient with congenital hemi 
hypertrophy Radiographs confirm the smallness of 
all parts pf the patient bone maturation is retarded 
The henuhypemophy is visible radiographically and 
occasionally the larger side shows more advanced 
bone maturation 

The regional hypertrophies associated with some 
neurotibronias hemangiomas arrenovenous fistulas 
and lymphangiomas have so little m common with 
congemtal asymmetries and fecal dwarfism that they 
present no problems m differential diagnosis 
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The S UO DWARFS of Smith Lemli and Opitr were 
retarded mentally and microcephalic and had hypo- 
plasia and incomplete maturation of the external gen 
Italia. The empty facies were dominated by promi 
nent eyes wide depressed noses with large anteverted 
and flarmg nostrils wide alveolar ndges in the upper 
jaws and small lower jaws (Fig 8-416) Two of three 


patients had pylonc stenosis Normal skeletal matur 
ation and rotational errors of one ladney were shown 
ui radiographs 

REFERENCE 
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The BuB£NStein Taybi dwarf (Figs 8-417 and 8- 
41By IS characterized by short stature mental retarda- 
tion skeletal retardation large and broad thumbs and 
great toes microcrania, highly arched palate bulbous 
nasal tip and large nostrils and antimongoloid slant 
of (he palpebral fissures Superficial hemangiomas 
are common in the skm of the forehead and nape 
Reflexes are usually hyperactive and the testes may 
be undescended In radiographs widening of the 
phalanges in the thumbs and great toes and skeletal 
retardabon are evident 
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The Kenny dwarf has the following characteiis- 
bcs reduced stature retarded skeletal maturation 
normal mentality congenital stenoses of the medulla 
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ly spaces in the tubular bones and calvana. coupled 
with transitory hypocalcenuc spasmophilia The typ| 
cal radiographic changes in a dwarfed mother and 
her dwarfed son are depicted in Figures 8-419 and ^ 
420 The dwarfism is proporUonate throughout the 
J skeleton in both patients The dwarfed mother men 
struated normally after her 12th year and conceived 
three tunes She gave birth to one normal son The 
hypocalcemia was not satisfactorily explahied it 
might have been caused by episodic bypin>oratby 
roidism or episodic hypercalcituiosis A thud examplo 
of this syndrome was described by Freeh and Me 
Calister Epstem and associates discovered hereditary 
stenosis of the long bones in a father and son who 
however had no other manifestations of the Kenny 
dwarf Gam and associates found medullary stenosis 
of the metacarpals m of healthy Costa Rican 


women We have seen severe generalized stenosis of 
the long bones m one de Lange dwarf 
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Thanatophobic dwarfism descnbed by Maroteaux 
and associates resembles severe achondroplasia ana 
tomlcally and radiographically m the fetus and newly 
bom infant in many ways Maioteaux and colleagues 
beheve that the high frequency of fetal death and 
death m newly bom infants during the first hours of 
life the very severe changes in the long bones and 
the absence of these lands of changes in famihes 
with less severe types of achondroplasia warrant the 
classification of this condition as a separate entity 
The most conspicuous cUmcal findings include high 
incidence of deaths m utero and dunng the fiast hours 
after birth short bmbed dwarfism large head smaD 
face flattened nose and large fontanels The skin and 
subcutaneous tissues are excessive in the extremities 
and the muscles are generally hypotorac 
In radiographs the bones of the extremities are 
disproportionately short and incurved near their ends 
The hands and feet are disproportionately large al 
though their tubular bones show changes similar to 
those in the extremities The nbs are short and the 
costal cartilages elongated proportionately The thor 
ax is small m caliber at ah levels because of under 
growth of the nbs This smallness of the thorax re- 
duces respiratory amplitude and vital capacity and 
induces hypoxia, which is thought to be the cause of 
the early postnatal death Smallness of the foramen 
magnum may also be an Important cause of eariy 
death especially prenatal death Cyanosis is the rule 
The vertebral bodies are flat and very thin with dis 


proportionately deep intervertebral spaces between 
the small flat ossification centers in the vertebral 
bodies 

The mechanism of genetic transmission has not 
been finally determined Until more convmcing evi 
dence accumulates which mdicates that the entity is 
not just a se% ere rapidly fatal type of achondroplasia, 
we prefer to call this condition thanatophoric achon 
dioplasia Langer and associates presented radi 
ographic findings which they claimed differentiate 
thanatophoric dwarfism from severe achondroplasia. 
The changes in their patients were quantitative and 
not quahtabve and are therefore of uncertain dif 
ferential value Both parents of their four patients 
were normal as were those of seventeen to whom they 
referred 
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Robinow SiLVZRStAN SsitrK dwarfs are short 
limbed and have depressed noses and bulging fore- 
heads (Fig 8-421) They differ from achondroplasts 
because the extremities are more shortened in the 
forearms and shanks than in the root segments the 
upper arms and thighs the hands are normal the 
orbits ore widely spread palpebral fissures are wld 
ened and the teeth are madaligned Radiographically 


Pig M21 -Rob now S Iverman Sm th dwarfs A twoch Id en. 
55 and 35 months ol age w Iti tnasomsi e shcoen ng ot the legs 
and arms due to shorten ng of the forearms and shanks Inieror 
b tal d stances are Increased and palpebral f ssures a e widened 
The foreheads bulge forward and the nasal br dges are depress 
ed and w de The lateral segments ol the lower i ds ate depress 


ed expos ng an undue amount of Ins The nostnis are large and 
lower laws small 8, molher end Inlanf 2 months of age Crowd- 
ed mala gnmeni of the teeth Is v $ ble n ihs mother and the in- 
fant has cha acter st c deiorm t es of the head and faea (From 
Rob now ei al | 
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they lack the cardinal achondroplastic features of 
rhizomebc (root) shortening of the arras and legs 
progressive caudad stenosis of the interpediculate 
spaces of the lumbar vertebral bodies and stenosis of 
the greater sciatic notches Both sexes were affected 
Both clinical and radiographic changes are present at 
birth but are not progressive 
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Bone Lesions Due to Physical Agents 

Stress effects of the electrical potential in bone 
may explain some of the locahzed thickenings and 
thinnings of the cortical walls of tubular bones after 
recurrent trauma and overload In Becker 8 view, the 
generation of electrical currents m bone under stress 
is explained by the transducer action of myriads of 
natural apatite-collagen diodes In bone bent by (he 
stress of overload the concave (compression) side 
becomes electncally negative and the convex 
(tensile) side becomes electncally positive A signifi 
cant and measurable cunent flows from the negative 
to the positive side Dunng stress of overload the 

Fig S 422 — Schemat e picture of botn halves ol a sell con 
ta ned electrical control system of a bone under a bending stress 
At the lelt the major stress I nes activate (he asatile-cooagen PN 
diodes and produce many small local electrical currents ell on 
ented in the same direction which produce an overall electrical 
vector between the negative concave compress on side and the 
positive tension side On the right these local vectors stimulate 
deposit on of newly formed collagen along the lines of stress 
and the overa I vector siimulales the osteoblasts m the negetive 
segment New bone la formed in tne negat ve concavity or anted 
witn the collagen fibers long tud nally and parallel to the vector 
forces (From Seeker) 

Lines of nechenlcal stress 



bone thickens on the concave (compression) side 
which Is negative electncally and becomes thin on 
the convex (tensile) electncally positive side (Fig 8- 
422) The implantation of battery powered but power 
ful electrodes adjacent to the cortical wall and inside 
the medullary cavity of normal bone also results m 
massive local cortical thickening on the side of the 
negauve electrode Twenty days after the electrodes 
were removed the earber cortical thickemngs were 
resorbed Microscopic exammation of the thickened 
bone induced electncally, showed an accelerated rate 
of mitosis of local osteoblasts at the site of the nega 
Uve electrode which probably explams the cortical 
thickening at this site Increase in the blood supply of 
the concave side with decrease in the blood supply m 
the convex side may be the primary cause of the com 
cal thickenmgs 
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Electrical trauma to bone results from several pos 
sible mechamsms according to Bnnn and Moseley 
Pure secondary mechamcal trauma may cause frac 
tures and displacements from sudden muscular con 
tracnons which are induced by direct electncal stun 
ulation of the muscles after electncal injury to the 
brain or spinal cord Compression fractures of the 
vertebral bodies are induced by this mechanism when 
It causes severe flexion contractions of the spinal col 
umn Focal and regional bone necrosis may be due to 
direct overbeatmg of the bone The growing epiphys 
eal cartilages are especially susceptible to this ther 
mal factor Fme fractures (fibrillations) are probably 
due to local thermal evaporauon at the site of contact 
of the electnc current and the bone Cortical thicken 
ings have been found m children only similar to the 
cortical thickemngs which develop after severe 
bums as wcU as failure of tabulation of growmg 
bones The discrete patches of rarefaction and the 
radiolucent holes found m some bones have not been 
sausfactoniy explamed 
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Bone lesions due to excessive cold are seen most 
often in the lingers and axe due to frostbite The epiph 
yses of groiving bones are especially vulnerable to 
cold and exposed epiphyses may be completely de 
strayed and disappear Longitudmal growth of the 
affected bone Is of course stopped or reduced The 
terminal phalanges are customarily the most exposed 
to cold and the most frequently injured by it (Fig 8 
423) The epiphyses in the phalanges of the thumbs 
are usually protected from cold by flexion of the 
thumbs into the palms of the hands and then cover of 
the thumbs by flexion of the fingers around them In a 
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FI9 8-423 -Destruct on o> the ep physeal cart lages of (he 
ferm na) phalansea of f ngen 2 4 ci a Wy 5 yeart o* age who 
had had aevere frostb te two years before S m tar changes were 
present n the bones of the other hand Th emann s d sease d I 
(era from frostb te n that its changes are usua y coni ned to the 
prox mat and m ddle phalanges (Courtesy of Or Kaz m er Koz 
lowsk floyal Alexander Hosp tal for Ch idren Sydney Austral a ) 


patient 10 months of age Falk found external cortical 
thickenings of the phalanges and of the fifth meta 
tarsal and the neighboring ulna as well In Thelan 
der 5 patient 9 years of age who had suffered frost 
bite two and one-half years before the epiphyseal 
caxdlageshad disappeared completely and growth bad 
been stopped permanently in the frozen epiphyses 
Injuries due to excessive heat usually follow bum 
mg of both the soft tissues and the bones Regional 
radiographic changes in the bones Include rarefac 
tion cortical thickenings destruction of the epiphyses 
and the formation of osteophytes (Fig 8-42‘1) The 
burned necroQc para articular and juxtaosteal soft 
tissues may calcify later ankylosis of the joints may 
follow destruction of the articular cartilages 
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Fractures 

Mechanical stress and injury to healthy growing 
bones produce a variety of lesions and deformitles- 
fractures and dislocations of the shafts lacerations 
and compression of the cartilage plates with displace- 
ment of the fragments fractures of the epiphyseal 
ossification centers euppmg of the metaphyses sec 
ondary to injury to the epiphyseal artenes enchondro- 
mas of unc^cified cartilage due to injury to the meta 
physeal artenes cortical thickenings (traumatic in 
volucnims) with and without fractures of the shafts 
and infractions at the levels of the metaphyses All of 
these traumatic lesions may be present singly or in a 
vanety of combinations Residual errors in modelmg 
and growth of the shafts and epiphysis both over 
and underconstnction and over and undergrowth 
may develop later The actual direction of growth 
may be altered in the case of residual abnormal posi 
tion of a terminal fragment which contams the pro- 
liferating cartilage IVhen groiving bone is injured and 
there is an associated chronic paralytic disorder such 


Fig S 424 -Effects of excess ve heat on grow ng bones A, 
external cort cal ib cken ngs and destruct on of cart lags el tf>e 
ankles of a boy 9 yea a of age B f us on of the r bs due to axter 
nal con cal th cken ngs s x years alter a th rd degree burn at Ih s 
$ te C para art cuiar calc f cai ons n the soft t ssues of the ft ps 
loiowng regonai burns of the soft issues (Prom Evans and 
Sm Ih) 
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Fig 8 425 —Classificat on of fractures accord rtg to thecourse obique D.spral E.fncomptele transverse F, longitudinal trans 

and nature of the fracture line A longitudinal B, transverse C verse G, transverse Impacted H comminuted 


Fig 8 426 - Fracture of the tibia in a boy 19 months of age A, m the original film a small amount of callus was v s ble C| a lat 

simple oblique fracture In a film made a few hours alter the inju oral projection of 6 D three weeks after B end C were made a 

ry B ie days after A, and wthout treatment a wde branched long fusiform incompletely mineral zed mass of callus lur 

fissure-fracture and slight angulation deformity have developed rounds the ends of the fracture fragments 



as postpohomyelitic paralysis or myelomeningocele 
with paralyzed muscle, bizarre residual deformities 
of the shafts are common, owmg to absence of the 
usual moldmg and compressing e^ect of normal 
muscles around a broken growmg bone Severe sec 
ondary deformities may follow uyury to the blood 
supply of growing bone when the bone itself is not 
injured These residual deformities of growth do not 
appear after injuries to mature bone 
The site, frequency and nature of traumauc bone 
lesions are all conditioned by the age of the patient. 
The fetal bones, effectively protected from external 
trauma by the ammotic fluid and thick uterine wall, 
are rarely traumatized, save by penetrating imunes 
such as gunshot and knife wounds However, chronic 
mtrauterme stresses operating on the fetus m faulty 
position may cause changes m the fetal bones and 
cause the disorder we call “prenatal bowing of the 
long bones" and several local deformities, especially 
of the mandible and facial bones During paituntion 
and most frequently in breech dehvenes, a wide van 
ety of traumatic lesions may be induced— fractures of 
the shafts and epiphyseal cartilages, traumauc invo- 
lucra and dislocations, especially at the hips The lat 
ter may also be tnggered by stretching of the joint 
capsules immediately after birth when the neonate i$ 
mveited and held by the heels, head doivn to promote 
drainage of the respiratory tract The most common 
obstetnc fractures are those m the skull and the clav 
ides 

Durmg the first postnatal year fractures are rela 
tively rare Mulaple severe fractures do develop 
however, when the mother falls on the child or dunng 
automobile accidents Sliding sides of cnbs are spe- 
cial sources of injuries to the bones of the legs and 
arms of infants Most willful assaults on children 
occur dunng the first two years of Ufe and cause the 
clinical problem which is called the “battered baby 
or “battered child” syndrome, in which fractures and 
dislocauons and traumatic involucra often offer the 
first diagnosuc lead After age 2 the radius is the most 
commonly fractured single large bone, the high incj 
dence of these fractures continues and Increases un 
til adolescence Fractures of the phalanges and meta 
carpals are common after the 1st and 2 nd years 
‘Toddler’s fracture" of the distal half of the dbia is 
common during the penod between the 2 nd and 5ih 
years Throughout childhood, fractures of the clavicle 
are common. Dunng later childhood, fractures occur 
in all parts of the skeleton, many of them induced by 
the popular juvenile sports such as football, basket 
ball, baseball, skung, sledding, skate-board hopping 
and horseback riding At all ages, howeier the auto- 
mobile IS the principal killer and cnppler of children 
and smasher of the skeletons of healtliy children The 
senous hazards of snowmobiles to children are al 
ready evident. 

A schematic depiction and classification of frac- 
tures of the shaft of a long bone are shown in Figure 
8-425, according to the location, course and number 
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of fragments The typical senal radiographic changes 
m an untreated transverse obhque fracture of the 
hbial shaft are depicted in Figure 8-426 

Bones or the hands are frequently broken in chil- 
dren in a variety of ways and are similar to the trau 
matte lesions m the other parts of the skeleton. Inju- 
ries to the camlage plates, between the ends of the 
shafts and their epiphyseal ossification centers, are 
common in all of the tubular bones of the hands, with 
dislocation of the epiphyses to which tags of the frac- 
tured shafts are often attached The distal phalanges 
are specially exposed to trauma in games played wth 
a ball and m closing doors, particularly automobile 
doors (Figs 8-427 to 8-429) The shafts of the other 
phalanges and metacarpals may be fractured at any 
level and also at their cartilage plates (Figs 8-430 to 
8-435) Metacarpal fractures are shown in Figures 8 
436 to 8-438 The proximal end of the shaft of the first 
metacarpal and its cartilage plate are occasionally 
Injured, but tfie true Bennett fracture with disruption 
of the metacarpo-trapezius joint is rare in children 

Carpal bones are rarely broken pnor to adolescence 
because, dunng early childhood, these ossification 
centers are surrounded and protected by thick cush 
ions of cartilage In older children, the navicular is 
occasionally broken (Figs 8-439 to 8-442) 

Bones or the forearm are broken frequently In 
our expenence. the shaft of the radius is fractured 
more often than any other large bone in the skeleton, 

Fig 9-4ZT -Comminuted crust) injury to (he distal phalanx of 
the thumb The shaft has two lorig longitudinal (raeture lines The 
cartilage plate lacerated transversely and the epiphyseal osufi 
canon center is impacted on one Side of the shaft An automobife 
door slammed on the thumb of this boy 6 years of age 




Fig S 438 (■•11) -A t snsvene hypsrsztens cn Iraecure ol »>• 
cart tags plate at the prox mat end of (hedstal phaanxoftne^rd 
d git w th long tud nal Iraetu e of the ep phyeea oss > cat on can 
ter and dorsad avu s on of the ep pnysea ( egment wh cn a eo 
has a tag of the end ot the ehalt attached to rt In $ g ri was 12 
yea s of age B evuis on hype extens on fraeiv e of the dorsal 


segment of the fused ep physea oss f eat on center of the d stal 
phalanx 3 d d g t left hand of a boy f 3 yea s of age 
Fig e 429 (righi) -Ob Quefactureth ough the shaft and ep 
physeal oss f eat on center and t ensvarse faeerat on of the cart 
lage pate of the dsial pha anx 4 h dg t of a boy 18 yeas of 
age (Sa ter can Isge plate njury type IV) 
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rg 8-432 peft) —Angle fracture at the base of the prox mat 
phalanx of the thumb w th a tag of the broken shaft attached to 
the ep physeal OSS t cat ort center Both are d splaced roed ad 
(Satter cart lage plate niurytypell) 

Fig 8-433 (right) -Angle fracture at the base of the dstal 


phalanx of the left thurnb The cart lage plate appears to be bro- 
ken also and transversely and the ep physeal oss f cat on center 
s d splaced dorsad along w th the t angular tag of the shaft 
(Salter If injury to the cart lage plate end shaft) Th s boy was 9 
years of age A frontal and B lateral project ons. 


Fig 8-434 -Fracture of the base of the prox mat phalanx of 
the Srd d g t (arrow) and the shatt (obi qua sp rat) of tha 2nd 
metacarpal (arrow) The phalangeal deform ty s a Salter type ft 
with marked d splacamant of tha sma ler fragment Th s g it was 
IS years of age 



Fig 8-435 - Fracture (arrewt) of the ep physeal oss f eat on 
center of the $th d g i w th transverse laearat on of tha cart faga 
ptate and lateral d splaeement pf the lateral ep physeal Iragnteni 
Th s rs a Salter type Ml injury to the can lage plate end ep physeal 
oss feat on center 
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Fig B-440.-Fractureofthanaveularwhch s nwsble mme- made wth the hand n ulnar dev at on The boy was 13 /« years of 
d alely after the injury (A) but s marked by a scferol c bar>d (ar age 

^ %Ti\%TTi%S IT fiayS %t>\V» \ tTlS ^ 



Fig 8 441 Ha rf ne transverse fracture of the navicular of a 
boy 4 years ct age who had fa 'en on h $ hand and then had 
pa n n (he wr st w th po ni tenderness ever the nav eular 


Rg 8-442.-Scriematic draw ng of the efferent tyj>es «» 
breaks in refat on to artenal crculat on n nav colar fracture* A. 
fracture between the two sources of arler ai blood with good 
prognosis because each fragment has a sat sfactory arter al sup- 


ply B and C fractures at the central and the prox mal leve s In 
whch the t4ood supply of the prox mal segment Is Impa red or 
lost (From Cave f 
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Fig 8 443 — Calcil eat on of tho Intraosseous membrane dur 
ing healing of a fracture In me m osnaft of the ulna of a oici 16 
years of age 

and the distal thud of the radial shaft is fractured 
much more often than the middle and pronntal 
thirds The epiphyseal ossification center in (he distal 
radial epiphysis is rarely broken Radial fractures do 
not become common unol after the 2nd year of life 
but these absolute and relauve high incidences of 
these fractures continue until adolescence Of 100 
consecutive fractures of the distal third of the radius 
that we studied with Dr Joeyline Ledesma 67 oc 
curted in boys and 33 in girls All but 1 of these frac 
tures were transverse or obliquely transverse Only 2 
were comminuted The edges of the fragments were 
both smooth and rough and occasionally jagged 
Compaction of the fragments was more common 
than distraction in the ratio of 61 31,in8 distraction 
was so sbght that its recogmdon was doubtful radi 
ogiaphlcally The ulna was also broken in its distal 
third m 37 of these patients The cartilage plate of ihe 
radius was injured and deformed in 16 of the 100 
cases 11 of these were Salter type 2 deformities and 
5 were Salter type 1 The distal radial fragment was 
usually dorsiflexed A fracture line was not visible In 
48 of 61 impacted fractures and incompletely visible 
in 13 In follow up radiographic exaimnations made 
three to four weeks after the onginal examination of 
impacted fractures which had invisible fracture Imes 
opaque mtemal callus outlined what appeared to have 
been complete transverse clefts through the radial 


shaft From this expenence and others, we believe 
Aat incomplete fractures In the distal third of the 
radius are rare Midshaft fractures of radius or ulna 
more rommonly the ulna may be followed by calcifica- 
tion of the mtraosscous membrane (Fig 8-443) 
Distraction fractures in Ike distal third of the 
radius are readily seen radiographically owing to the 
r^iolucent gap between the edges of the fragments 
which represents the soft tissues and fluid between 
the edges of the fragments (Fig 8-444) When the 

Fig 8 444 -Transverse fracture ol the cJistal third of the rad 
with moderate long tud nal d stracf on A and B f 
al projections made immediately after the inju^ In A, a trans 
separates the fracture fragments The lat 
fragment is flexed slightly lalerad and dorsad The med a) 
''’® ' "es are widened In C and D 

made 30 days later the flexion deform ties of the distal fragment 
""e IS wdened by the increased 
llexioo In compar son w th A and B also by resorption of bone 
Mciom from margins of both fragments Substantal opaque 
wfwnal callus and some opaque Internal callus have formed on 
the flex on or compression side of the fracture line This relat ve 
increase tn callus on the flexion side Is probably due to its rela 
I ve increase In blood supply Opaque callus Is not visible on the 
tensile Of stretch s de of the shaft probably owing to its rela 
live ol gem a There may be and probably Is substantal nono- 
paque callus which is Invis bie rsdiographieiliy 
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Fig W4S -Transverse fracture of ‘fie rad at and ufnar shafts 
at the same level In A frontal project on there s no fracture 
1 ne at the junct on of the rad al fragtnents but there s a deep 
transverse sclerot o band caused by overlap of the rad al frag 
iTients wh eh IS clearly seen nB lateral project on In the ulna 


the d stract on fracture causes the standard transverse band of 
d m n shed dens ty between the fragments because there is no 
overlap and the fragments are d stracted from each other longi 
lud naify 


Fig B-*46 -Transverse fracture of the d stai ih rds of the ra 
d us end ulna w th deep ove lap of fraS'i’Si'ts n both bones The 
d stal fragments have been d splaced dorsad and $ ghtiy laterad 
then pulled pros mally several m il meters to produce the over 

lap Both d stal fragments are foreshortened n the frontal projee 

t on due to the r obi oue project on caused by the dors flex on 
Th 8 g fl was 7 /i years of age A, f ontai «nd B lateral project ons 



fragments ore displaced and then drawn toward each 
other longitudinally so that the terminal segmenfs of 
the fragments overlap the zone of overlap causes a 
transverse sclenuc band due to the greater absorp- 
tion of the X rays by the two overlapping terminal 
segments in one of the projections The depth of the 
overlap determines the depth of the sclerotic trans- 
verse band (Figs &-445 and 8-446) Inversion of the 
broken edges of the fragment may also cause addi 
tional but usually thinner transverse sclerotic bands 
(Figs 8-447 and 8-44B) During healing opaque cal 
lus formation becomes evident first and Is more abun 
dant on the compression (flexion) side while the 
stretch (tension) side remains free of ossified callus 
(Fig 8-449) This is probably due to relative hypere- 
mia on the compression side and relative obgemla on 
the tensile side A severe injury to the cartilage plate 
of the radius with simultaneous fracture of the ulna 
Is shown in Figure 8-450 

/mpacfed/ractMreso/fltediJIo/ third of the radiut 
are the rule and they produce a variety of deformities 
in which the fracture line may be absent or Incom 
pletely demonstrated (Figs 8-451 to 8-455). We have 
seen one example of striking rarefaction of the distal 
fragment dunng healing in which there was a deep 
Inversion of the cortical edge of the distal fragment 
(Fig 8-456) Impacted fractures may be invisible in 
the frontal projection (Fig 8-457) 

In seversd cases In which Impacted fractures have 
the early appearance of being Incomplete films made 
after healing three to four weeks later show tranv 
verse strips of opaque Internal callus These Indicate 




Fig 8 447 — Transverse fracture of the distal third of (he rad us 
w th an unusual transverse rad olueent fracture band between 
the fragments and an addit onal transverse band of increased 
density on the proximal edge of the distal fragment due to deep 
inversion of Its distal edge A, frontal and B, lateral projections 
The d slal fragment is palmar flexed and also flexed med ad The 
cortical wall Is fractured on the tensile lateral side where there is 
a wide gap between the sort cal edges of the two fragments The 
rad olueent band tapers toward the ulna and dsappears when 


Pig a 448 -Transverse fracture of the distal thirds of the radi 
al and ulnar ihefts w th Irregular sderot c str ps In the radius and 
sclarot 0 patches In the ulna due to Inversron of the edges of the 
fragments Also some small comminuted frag rnenis are present 
In both Ai frontal and 8 lateral protections there ere additional 
double sclerotic lines due apparently to inversion of two broken 
fregmentsol the inverted edged tneastal fragment on the dor 
sal compression side of the dorsiliexed distal fragment The 
patchy scleroses on the edge of the ulnar fragment cannot be 
satisfactorily evaluated because this fragment s inadeguateiy 
seen in lateral projection (B) The lateral sort cal wall of the ra 
a us IS buckled externally at the level of the fracture i ne and the 
medial cortical wall to a less degree 




the medial cort cal waif is reached The latter is buckled si ghtly 
externally but there is no visible break In Its cent nuity The im 
age of (he cartilaginous plate of the rad us Is partially obliterated 
due to be ng t Ited from Ita ueual transverse position into me ob- 
lique by dorsiflex on of the entire distal fragment Five months 
later the ent re d stal fragment was rsref ed poss bly secondary 
to injury to the periosteal arter es followed by loeet ischemia of 
the cortex (see Fig 8 486) 


Pig 8 449 -Transverse fracture of the distal third of the rad al 
ahsit w th marked lateral flexion In A. and dorsiflex on in B, 28 
days after injury end treatment in e plaster cast Opaque callus 
has accumulated in large amounts on the lateral and dorsal con 
cave aides of the rad us (compress on sides of the Hexed distal 
fragment) On the convex tens le a des there Is sinking absence 
of external opaque callus iheie Is also little or no opaque Inter 
nai callus in me meoiai and ventral ha ves of the fracture I ne (the 
convex tensile or strelehed a des) In A, the cartilage plate Is oN 
1 leraied ow ng to me oblique pos t on due to core flexion One 
must bear in m nd that nonopaqua callus Is Invisible rad ographi 
tally and subslant al amounts ol it may be present and unappra 
elated radiograph call/ This boy was 9 years ol age 
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Rg 6-450. —Injury ot the cartilage plate at the d stai endol the 
radial shaft with simultaneous fracture ol the ulnar shaft The 
cartilage plate of the radius is ccrnpietely lacerated transversely 
and the ossification center is displaced along with the wnsl artd 
hand laterad and dorsad A small tag of the shaft is attached to 


the displaced radial epiphyseal ossification center (Salter ir<iury 
type II) The fragments of the ulna are slightly distracted and Its 
distal fragment is flexed laterad This boy 10 years of age fell 
from a platform onto his hand A, (rental and B, lateral prc>iee 
lions 


Rg 6-4S1 -Transverse fracture Ol tne distal third Of (heradius 
with impaction of the fragments and dorsifiexion and slight later 
al flexion of the distal fragment The styloid process of the ulna 
(A, arrow) Is broken and a small d stal styloid fragment is dis 
placed laterad The edges of both fragments are spicutated and 
a jagged transverse sclerotic line crosses the lateral hail of the 
broken radial shaft This is due to inversion of the edge ot the 
cortical wall The Image of fhe epiphyseal plate is paniaiiy dosed 
due to t pping of Its usual transverse plane into an obi que plane 
secondary to its dorsifiexion This boy was 12 years Of age A 
frontal and B, lateral projections 


Rg MSt-Impaeted fracture of the disut third of the radius 
with partiat obliteration of the fracture line in both A, frontal >hd 
B, lateral projections due to Inversion of the edge of the dcmal 
cortical wdi (6i In A tne cort cal walls are buckled externally At 
both lateral and medial sides and most of the fracture line Ifsdf 
Is obliterated The central transverse strip ol increased dernity 
distal to the poorly seen fracture line is due to the Inverted edge 
©I the distal tragment postedorty (B) A taint ventrodorsal frac 
ture line extends ventrad and eaudad in stephke course from ih« 
posterior inverted cortical edge forward across the medullary 
cavity and through the ventral cortical wall at a lower level This 
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Fig S 453 —Trauma to the Oisial third ot the radius with eater 
r\al tkuckling o< the lateral cort cal wall ar^d only el ght local de 
lormily of the underlying spongiosa A fracture I ne rsnoi visible 
Th 5 boy was 7 years ot age Films 22 days later disclosed inter 
nal callus wh ch attended the full w dth of the shall. Indicating 
that a complete but mvis ble transverse fracture had beenpresertt 



Fig a 4S4 -Impaction fracture ot the distal th rd of the radial 
Shalt without a fracture I ne in e ther frontal (A) or lateral (6) 
protect on (n A there is a barely d scern bie shallow bulge of the 
lateral cortical wall (arrow) At the same level in B ine ventral 
eofiical wa^l <s buckled internally The findings ate conclusively 
diagnostic m both projections but could be uncertain from the 
troniai projection alone Th s g rl was 2 years of age 
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rig S-4S6 -Fracture ol the disUl third el the rad al shaft with 
deep Inversion of the edge of the d stai fragment and later rare* 
taction of the distal fragment probably due to mjoiy to the per 
losteal arteries at the level of the inversion and chtortic ischenua 
of the cortical walls of the distal fragment A. frontal and B. fat 
eral pro;ectons obtained immediately after the injury C and O, 
made five months later 

that impacted fractures without earlier radiographic 
fracture lines are actually complete and extend 
across the entire transverse and ventrodorsal diame- 
ters of the shafts (Figs 8-458 to8-461) 

Midshaft fractures of the radius are usually visible 
and readily detectable in roentgenograms (Fig It462) 

These fractures are rarely longitudinal or comminuted 

with marked displacement of the fragments 
Fractures of the proximal third of the radius and 
ulna are of seieral varieties Breaks in the proximal 
part of the ulna are often accompanied by ventral 
dislocation of the radius at tlie elboiv (Monteggla s 
fracture dislocation Figs 8-463 and 8-464) when the 
injury occurs with the elboiv in extension When the 
elbow is injured m flexion, however the radius is dis- 
located dorsad (reversed Montcggias fracture Fig 
8-165) Different types of fractures at the proximal end 
of the radius and ulna are shoivn in Figures 8-466 to 
8-174 


Shortening of one of the forearm bones by fracture 
often causes fracture of the other bone or dislocation 
at the distal or proximal radioulnar joint (Fig 8-475) 
IVhen the ulna is broken and shortened in its middle 
or proximal third, the radial head may be dislocated 
fonvard or backward to produce the Monteggia frac- 
ture When the radius is broken in its middle or proxi 
mal third and shortened, the distal radioulnar joint 
dislocates to produce the Galeazzi fracture 
The fat pads at the elbow in the olecranon fossa 
(dorsal) and the coronoid fossa (ventral) are frequent 
ly displaced out of the fossa during traumatic injunes 
and become clearly visible in radiographs made in 
lateral projections of the elbows (Fig 8-476) The 
antenor fat pad in the coronoid fossa is often visible 
in normal elbows as a thin stnp of radiolucent fat 
density ventrad to antenor edge of the humeral shaft 
All of the pads are extracapsular in some patients 
(Norell) and partially intiacapsular in others, but are 
always external to the synovial layer Flexion at the 
elbow mcreases displacement of the fat pads The 
two antenor fat pads (coronoidal and radial) are su 
penmposed on each other when they are displaced 
forvvard and viewed m lateral projection Demonstra 
non of the dorsal olecranon fat pad behind the hu 
merus always indicates on abnormality, usually in 
creased intra articular pressure and distention of the 
articular capsule by fluid, often blood after trauma or 
pusin pyanhrosis The neighboring bones need not be 
Injured The tendon of the triceps muscle is ^so dis- 
placed fonvard when the fat pad is displaced forward 
by the fluid distended joint 
Partial dislocation of the radial head alone is a 
common clinical diagnosis but is rarely demonstrable 


Fig 8-4S7 -Fracture at me Ostalend oimerad at shaft which 
■sinvisbie in Irontsl projection (A) but presents a 0 agnostic liv 
dentation of the conical wau In lateral proieetion (B) There Is no 
fracture line This girl 12 years of age had fallen on her out 
stretched hand 
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Fig 8 458 — Compacied transverse fracture near the d stal end 
of the left rad al shaft In A made 3 hou s alter me n ury the lat 
eral eort cal wall of the rad us is buckled evte naiiy but u med al 
wall appea a to be intact and the e is no defo mtyon the medal 
eort cal wall In B and C made 22 days later buck ng of the lat 
era eort cal wa < has d sappea ed but a transverse band of n 
creased dens ty at the same level the band of opaque mie nal 
callus (arrows) nd cates that a comp ete ( ansverse I actu e has 


healed both t ansverse y in 8 (frontal p eject on) and ventrodor 
sa y n C Oateral project on) The dorsal eort cal wall Is buck ed 
do sad as tl was n late al p ejection made mmed ately alter the 
njury Th s boy was 7 years of age Our f nd ngs dunng heal ng 
Of I aetures of the rad us and ulna Ind cate that there are few f 
any Incomp ete fractures even when a I seture I ne s not v s ble 
n the ea ly f m 
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Fig 8-46a-Torus fracture of the distal end of the radial shaft 27 days (ater B and D there is a transverse band of increased 

without radiolucenl fracture line m the Immed atef ImsfAandC dens ty (opaque internal callus) which ind cates that the fracture 

frontal and lateral protections) In the sarne protect ons made orig nally extended the full w dth and depth of the shaft 


Fig 8 461 —Impacted fracture of the rad us in A, obtained 
immediately after in]ury the radial shaft is buckled externally but 
the ulna appears to be normal In B 41 days later a faint but 
conclusive transverse band of increased density in the utnar 
shaft indicates opaque internal callus External eon cal thicken 
ing IS vis ble in both shafts at the level of the fracture m the rad 
lus and proximal to the fracture In the ulna This boy was 7 h 
years of age 



Fig 8 462 - Fracture In the middle thirds of the rad us and 
ulna w ih dors flexion of the d stal fragments This g rl waj io 
years of age A, frontal and 8 lateral project ons of the left fpre- 
arm 
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Fig t 465 -Frsctur* dislocations at the e bow A, transverse 
fracture of the olecranon process with forward d siocation ol me 
uniractured radius and the distal ulnar fragment B fracture ol 
the shaft of the ulna with dorsal d splacement of the unfiactured 



rad us (reversed Montegg a fracture) C, fracture of the ulnar 
shaft with forward displacement ot the unfractured rad us (stan 
dard Monteggia fracture) (Figs 6-465 and B-466 from Keon 
Cohen) 





Fig 8 466 —Fractures at the proximal end of the rad us A. 
longitud rtal with si ght d straci on B, long tud rtal with marked 
d straction C, comminuted 
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Fig 6 467 —Transverse fracture through the cartilage plate of 
the right radial head with lateral and caudal displacement of the 
ep physeal oss I cation center (A, arrow) A small tag of shaft is 
attached to the d splaeed epiphys s ind eating Salter type II Inju 
ry IQ the cartilage plate This girl was 7 years of age A, right end 
B left elbows in frontal projection 


Rg a 4aa -Ftactures at the pros mai end ot the ulna A. Fig 8 469 -Transverse fracture of the proximal third of the 
transverse fracture of the olecranon w th $i ght d straet on B tight ulna with si ght d spiaeement and rotsi on of fhe fragments, 

transverse fracture of the olecranon w th w de distraction C The prox mal fragment is comm nuted The rad us is d splaeed 

comminuted fracture of the olecranon (From Keon Cohen ) ventrad which warranu diagnos s of Monteggla a fracture This 

boy was 15 months of aga A, frontal and B lateral project ons 
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Fig a 470 (left) -Break n cant nu ty of the edgeol (hesem 
lunar notch • ther a short fracture I ne or a dyspiast c marg nal 
defect nag rl 14year$of age 


Fig a 471 (flghi) -Impacted f aeture of the p ox mat ettd of 
the uirta the ^ecranon wh eh was nv a Ole in lateral project on 
Th s g ft was 4 /» years of age 


Fig 8 472 -Subma g nal fraetu e of the end of the olecranort 
process of the ulna w th marg nal seaiei he fragment attached to 
the cp phys s The dorsal fat pads (arrows) a e d sp aced dorsad 
Th a g rl was 1 1 years of age 


Fig 8 473 -SI ght compact on fracture at the pros mal end of 
Iherghiradus Thelate aleortcalwsMarrow) sslghtlybucked 
me natty but there Is no fraetu e I ne Th s boy was 14 years 
of age 
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Fig 6-475 -Effect of m dshaft fracture o( (ft* r84u$ or ulna on 
the elbow and wr st )o nta In Montegg a I acture of the ulna the 
rad al head is d slocaied at the elbow in Galeazzl fracture of the 


rad us the ulna Is d sioealed at the wr st When th« rad us and 
ulna are fractured s multaneowsly these d slocat ons do not oc 
cur (From ft cki ng and Cordell ) 





MONTEOaiA rRACTUne 



OALBAZZI PKACTune 
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Fig B 476 — Displacement of the olecranon fat pad dorsad out 
of the olecranon fossa and the coronoid fat pad ventrad out of 
the corono d fossa after injury and acute swelling at the elbow 
The bones are normal Acute distent on of the elbow ]oint due to 
acute traumatic hemarihrosis is the probable cause ol displace 
ment of the tat pads 

radiographically It occurs chiefly in children between 
2 and 6 years following excessive traction when the 
child Is suddenly lifted by its arm It is often reduced 
spontaneously by attempts to move the bones at the 
elbow Theoretically the radial head is displaced out 
of the elbow joint when it is pulled through the orbicu 
lar bgament by traction and then is maintained m 
an ectopic position by contraction of the flbers of the 

Fig B 47fl -Supracondylar fracture of the right humerus with 
eharaetar Stic displacement of the d stal fragment dorsad m lat 
eral projection (C) A, frontal project on shows complete trans 
verse fracture of the right humeral shaft pronmai to the con 



fig 8 477 — Morbid anatomy of supracondylar fracture of the 
humerus semischemat c draw ng The pro* mal fragment dis 
placed forward may puncture the brachial vesse s and/or injure 
the median nerve S 0 beeps Sra 4 brach al artery /? radius 
T/l triceps Up Fra upper fragment I Fra lower fragment 
Med N median nerve U ulna 

bgament Although we have examined the elbows 
radiographically in scores of such cases we have not 
been able to demonstrate the dislocation The radi 
ographic technicians probably reduce this dislocation 
consutently before the Aim is exposed by thetr ma 
nipulations of the elbow while positioning the patient 
Fractures of the humerus are most common in 
ns distal third and of the fractures of the bones at the 

dyias with some d straciion of the fragments B shows the nor 
mal uniraciured left humerus n frontal projection Th $ boy was 
3 years of age 
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Fig 8 479 -Supracondylar fractures A, standard supracondy placed backward B, rare flexion supracondylar fracture in Wbicti 
lar fracture ot the humerus m which the distal fragrrtertt is dis- the distal fragment is displaced forward (From Cave ) 


elbow, the supracondylar and diacondylar fractures 
of the humerus are by far the most frequent and im 
portant In most cases these fractures are of the 
"flexion type," in which the distal fragment is dis- 
placed dorsad The "extension type," in which the dis- 
tal fragment lies antenor to the proximal fragment is 
less common and is reduced with far greater difficulty 
(Figs 8-477 to 8-479) Simple, uncomplicated supra 
condylar fractures are shoivn in Figure 8-480 diacon 
dylar fractures ^vith dislocation at the elbow m Figure 
8461 In C of Figure 8-481, the margin of the burner 
al shaft IS broken as well as the capitellar osstficauon 
center, but without dislocation of the bones and with 
only sUght displacement of the fragments A variety 
of fractures of the distal third of the humerus is 
shown in Figure 8-482 Fracture of the lateral seg 
ment of the end of the humerus which produces a 
fragment made up of the humeral capuellum and its 
lateral epicondyle, which is avulsed laterad and rotat 


ed sometimes more than 90 degrees (Fig 8-483), 
should be treated by open reduction if closed retluc- 
bon IS not readily accomplished 
The medial epicondyle is often broken, avulsed ^d 
displaced tvith an attached cortical fragment in a 
wide vanety of positions (Fig 8-484) The radiograph- 
ic findings in fracture of the medial epicondyle and 
slight avulsion of a tag of the shaft and the eplcorifly* 
lar ossification center ore shown in Figure 8-48S 
Fracture of the lower pole of the medial epicondyle 
center itself with avulsion of a small caudal fragment 
IS depicted in Figure 8-486 Substantial regional 
swelling of tbe soft tissues is characteristic of (his 
injury, and the fracture can be suspected tadiogra{ihi- 
cally, before the ossification center appears from the 
local soft tissue swelling alone 
Occasionally the distal fragment of a transve^e 
supracondylar fracture is not displaced dorsad (F'ig 
8487) 


Fig 8 480 —A, supracondylar fracture with impacted Irag 
ments proximal and distal to the transverse fracture fine In later 
s' projection (not shown) the d stat Iragmerit was displaced dor 
aaO aTlex'ion Injury Ihistioy wasS years 01 age vtJcAriaitj'Ti* 


Short fracture on the lateral side o> the d slai end of the humeral 
shaft with only slight displacement of the peripheral scale'ike 
liagmcnt 
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Fig 8-483 - Fracture of the lateral segment of the etuJ of the 
humeral shaft w th avulsion of the cap fe lum and lateral epicon 
dyie The lragrT>ent s also rotated mors than 90 


The proximal end of the humerus may be broken 
by direct blows on the upper arm or indirectly by falls 
backward with the arms extended and adducted onto 
the hand or elbow The traumatic force thrusts ce* 
phalad through the humeral shaft The deformity after 
fracture is largely determined by the level of frac 
tuie relative to the levels of insertions of the deltoid 
muscle (abductor) pectoralis major muscle (adductor 
and internal rotator) and abduction and rotation of 
the muscles of the rotator cuff (Fig 8-488X A trans- 
verse fracture at the level of the surgical neck but 
with slight displacement of the fragment is shown in 
Figure 8-489 A partial distraction and partial impac 
tion fracture is shown in Figure 8-490 According to 
Dameron and Reibel traumatic separation of the 
three epiphyseal ossification centers in the proximal 
epiphysis of the humerus has not been reported We 
have seen one example (see Fig 8 552 A) 

Bones in the lower extremities are broken 
much less frequently than those in the upper extremi 
ty and their treatment and heahng are complicated 
by weight bearing 

Jr (he feet there are several ossicles which simu 
late fracture fragments these should be considered 
before the diagnosis of fracture fragment is made 
Opaque foreign bodies also may be driven into the 
soft tissues when the foot is injured and simulate 
bony fracture fragments radiographically 

The pedal phalanges are frequently fractured by 
the fall of heavy objects on them and in children by 
stubbmg the toes when barefooL Fracture of a single 
phalanx usually causes only transient minor disabll 
ity Reduction of broken distal and middle phalanges 
IS usually unnecessary Fractures of the proximal 
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Fig 8>4e9 -Transverse fagged fracture of the aurg cal rteckof 
the humerus of a g rl 6 years of age The fracture i rte Is at ms 
level of insert on of the pectoral s major 

phalanges however If untreated may result in disa 
bling flexion deformities 

Metatarsal fractures are also frequently caused by 
falling objects They axe relatively rare m children 
but are important occupaaonal hazards for adults 


The transverse fracture at the proxunal end of the 
shaft of the fifth metatarsal is perhaps the most 
common metatarsal fracture in older children (Fig 
8-491) It IS called Jones s dancing fracture This 
transverse fracture should not he contused with the 
normal scale apophysis and its synchonarosis on the 
lateral aspect of this bone The second and third meta 
tarsals are occasionally the site of stres or fatigue 
fractures (Fig 8-492) 

Fractures of the tarsal bones are rMauvely rare in 
children because their ossification centers are pro- 
tected by elastic coats of cartilage In severe injunes 
however one or several of the tarsal bones may be 
broken simultaneously (Figs 8-493 to 8 495) Frac 
tures of the calcaneus and talus are the most impor 
tant clinically because they are both weight beanng 
bones it has been estimated that the supenor amcu 
lating edge of the talus cames more weight per 
square millimeter of surface than any other bone 
The calcaneus fractures m a vanety of patterns 
Fractures of its tuberosity are readily treatable in 
contrast to the difficulties in treating the crush 
commmuted fractures which extend into the subtalar 
joint The talus receives almost all of its blood 
through its neck, and in fractures of the neck the ta 
lar body is especially prone to ischemic necrosis The 
greater pan of the talar surface is composed of seven 
avascular articular cartJages and traumatic arthntis 
IS a frequent sequel of talar fracture Avulsion frac 
ture of the tuberosity of the navicular is caused by 
excessive stress through the tendon of the Qbiahs 
posticus muscle Fracture fragments of the tuberosity 
of the navicular should be carefully differentiated 
from the normal variant in the tendon the os tiblale 
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Fig S'Ol —Transverse fractii e at tne pros mat ervl«ftl>e 5th Tg 5-492 - March or lat gue at ess fracture in the 2nd met 
metatarsal of a g rl 10 years of age In A mmed ate y aftsf a aiarsatof ag riSyearsof age 

hv St ng njury the amw s d rected at tn« rncompfete trarrsverse 
fracture The ndependent small mass of Pone lateral to the end 
of the shaft is the normal apophyseal eenie in B 34 days later 
the I acture I ne is w dened and the apophyseal center t$ more 
completely fused Fus on has p oPab y been aeceie ated Py the 
local chren c hyperem a Induced by the fracture Ths s anown 
as Jones s danc ng fracture 


Fig 8 493 - Fracture of the tarsal scapho d w th 
d straet on of the super or fragment dorsad The fa ger 
infe orsegmentlsnotdslocated Thsboy 7/iyearsol 
age fe I from h s b cycle and the foot was st vck by the 
pedal 
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Fig A*494 - M jIt pie fractures of ttie ta sal bones of a boy 13 FI 9 B-49S -Avuls on flake fracture of the dorsal edse ot the 

years of age The posterior arrow s d rested at a fracture I ne at calcaneal tuberos ty and swell ng of the coni guous Aeh lies ten 

the base of the sustentaculum of the calcaneus The anterior dort of a boy 6 years of age The e was a tender swel ng above 

arrow po nts to the fracture fragment of the tuberos ty of the na Ih s level 
V cular The large fragment of the nav cular s also fractured and 
compressed 


Fig I 49S -Fracture of the accessory center in the irtedai 
malleolus of the f ghf t b a of a boy 8 years ol aga who had tw si 


ed h$ rght ankle (A) The accessory center n the left medal 
malleolus (B) Is normal Lateral obi qua project ons 






Fig B 497 ^Transverse laceration of the cartitage otate of the 
right tibia of a boy t3 years of age who had twisted hi$ nghi an 
klea week previously A. frontal and C, lateral proieelions of the 
injured right ankle B. frontal and 0, lateral projections of the 


normal left ankle The cartilage plate of tha nght t bia is deep* 
eneddueto distraction of the fragments longitudinally Thera is 
however no 6 spiacemeni of the fragments transversely or ven- 
trodorsaiiy (Salter type I injury to the cartilage plate ) 


externum. Fractures of the cuboid and the cunei 
forms usually cause minor disabilities they are, of 
course, sometimes associated with breaks m other 
tarsal bones 

Fractures of the distal tibial andfibular epiphyses 
are common and important clinically Inadequate 
treatment of these fractures may result fn permanent 
cnpplmg deformities The bone Injury is usually ac- 
quired in sudden turning or twisting movements dur 
Ing ordinary activity, such as stepping on a pebble or 
slipping on icy or grassy surfaces and particularly in 
the sudden stopping on one foot in athletic games 
The foot is suddenly fixed and the inertia of the heav 
ler leg and body above the ankle generates excessive 
stresses on the ends of the tibia and fibula which 
depending on the position of the foot lacerate single 
or multiple ligaments at the ankles and break the 
bone and cartilage in the epiphyses in a variety of 
patterns We have found lateral obbque projections of 
the ankles, as well as frontal and lateral projections 
essential for adequate visualization and evaluation of 
injuries at the ankle (Figs 8-496 to 8-502) 

Fractures of the ttbial andfibular shafts are also 
common. In infants and children repair and re- 
growth of the injured bone tissue are so vigorous that 
most of these fractures can be treated without resort 
to open surgery All athletic games In which high 


running speed is essential, with dodging and sudden 
stops and turns are bable to induce fractures of the 
tibia] and fibular shafts, especially football basket 
ball and soccer Skiing has become a common cause 
of tibia] fractures m older children Bumper injuries 
by automobiles are responsible for many of the most 
severe compound and comminuted fractures which 
often do not respond well to treatment It should be 
remembered that a fracture in the distal segment of 
the tibia may be associated with a companion frac 
turein the proximal segment of the fibula (Fig 8 S03) 
the radiographic examination should always Include 
the entire sholts of both bones in both legs and films 
of the knees and ankles as well Fractures of the fibu 
lar shaft without fracture of the tibia usually heal 
readily Wide distraction of the fragments delays 
heabng especially in the distal third of the tibia 
where blood supply is relatively meager Fractures In 
the proximal segment of the tibia are relatively un 
common In injuries at the knee, lacerations of the 
bgaments and menisci are much more common and 
important than fractures of the bone itself Some var 
iatlons In the tiiies of fractures of the tibia! and fibu 
lar shafts, according to Cave, ore shown in Figure 8- 
504 and radiographic findings in Figures 6-505 to 8- 
510 Fractures which are Invisible or barely visible in 
films made immediately after injury may later show 
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Fig 8 499 — Fracture at the base and med al t de of the med al 
malleolus of the left tba of a boy 14 years of age wtto 
wrenched h s ankle and foot A normal r ght arthle in frontal 
project on B injured left ankle The med al segment of the left 


Fig 8 $00 -In frontal project on (A) the f nd ngs are normal in 
lateral obi que project on (B) a long tud nal fracture i ne is dear 
ly V sibte (arrow) n the med al segmer>t of the I b al ep physeal 
OSS f eat on center One cannot eva uate mvr «s to me ankles 


can lage plate is deepened and the malleolar fragment d splaeed 
mediad due to d straet on The mort $e at the ankle is enlarged 
and weakened (Sa ter type III injury to the cartilage plate ) 


sat siactoniy w thout lateral obi que as well as frontal and lateral 
project ons Th s boy 13 years of age stra ntd h a left ankle and 
had po nl tenderness over the med al malleolus 
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Fig e 502 —Transverse lacerat on of the cart tage 
plateof theright t b aof aboy 12 years of age w th 
(a!»al and ventral d splacement of the ep physeaf 
OSS f cat on center The f bular shaft is broken obi quely 
and the t p of the pros mal fragment is broken off the 
ma n mass of thecephal c fragment— a comm nuted 
fracture of the f bula The les on in the t b a Is a Salter 
type I niury to the cart lage plate A, frorital and B 


Rg 8*503 -Comm nuted obi que sp at fracture of the d staf 
th rd of the left t b al shaft w th comm nuted obi que fracture of 
the pro* mat th rd of the tett t buiar shaft of » boy w years ol age 
A, frontal and 8 lateral project ons 
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Fig 8 504 -Var et es ot d aphyseal fractures of the 1 b a and short obi que D Unstable segmeritsi f actu es comm nuted E 

t bula (Mod f ed from Cave ) Stable transverse t actu es p ox comm nuted F Stab e t ansverse f aeture d stal G 

mal A m dshaft B Unstab e obi que fractu es long oU que C 


Fig S SOS (left) -Long Ob quesp raifractureoltherghtlba Fig 8 SOS (right) -Long obi que sp al fracture nthedstal 
ot a boy 10 yea s el age who was h t by a toboggan sled In A ha f of the left t b a n wh cn d ffe ent leva a of the f actu e I ne 

f ontal p Ojeet on only a short caudal segment s v s ble In B a e v s ble n the d fte ent pro act ons A latera and B f ontal 

d rest late al project on the t ue extent of the long obi quesp ral Thsboy tSyearsof agefeli whiesk ng 
fracture w th d stract on of the fragments s now v s ble 
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Fig 8 508 -Long tud nal f actuf« o( th« d stal segmem ol the 
t b al shaft ol a boy 8 years of age The f aeture s r*v s ble n 


foota (A) and Ob qua (B) project ons but is clearly vis ble ih the 
ateral(C) proect on 
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opaque callus which makes the diagnosis of earlier 
fracture certain (Fig 8511) Toddler s fracture m the 
tibia of children 15 months to 5 years of age may be 
invisible in some projections and visible m others 
They must always be carefully sought because most 
of them are hairbne fractures (Figs 8 512 to 
Transverse fracture of the tibial shaft at the same 
level with commlnunon of the fibula is shown in Fig 
ure 8 515 Long oblique fractures of the tibial shaft 
may be invisible m frontal projection and be conspic 
UOU8 with substantial distraction of the fragments in 
lateral projection (Fig 8 516) 

Stress fractures (march or fatigue fractures) m 
children axe commonly located in the pronnaJ seg 
ments of the tibial shaft (Fig 8-517) They occur 
more rarely m the distal thiid of the tibia also (Fig 8 
518) A stress fracture develops In normal bone dur 
mg normal use without external injury Excessive 
endogenous traumas repeated slight overloadings of 
the bones and bending and stretching strams cause 
distracted stress fractures Pam may precede the 
appearance of radiographic signs of fracture by sev 
eial weeks Exuberant callus may simulate inilam 
matory and malignant tumors The fibula has been 
affected m a few cases The stresses of excessive 
runnmg skatmg and swimming cause stress frac 
tures in children I saw one example m a child who 
practiced tap dancmg several times a day for several 
months In the abia stress fractures are usually 
transverse In the proximal third of the shaft The 
fracture Ime is usually obbterafed in part by opaque 
internal callus and local thickenings externally of the 
corOcal wall Painful bmp is the common complamt 
pain mcreases with activity dunng the day and disap- 
pears promptly when the leg is at rest The local bony 
swetlmg is usually sbght but may be sufficiently large 


FI 9 I 510 -Compan on torus fractures oittie dsta segments 
of the I b e end I buia at d ffe ant long tud nai leva s tfte latera 
con cal wa I of tha left t b a and tha mad al cort cal wall of the 
tbuia lust cepha ad ip t are bucklad externa y The boy 17 
months of age had fa len off a cha 
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Fig S S11 — Invisbie or barely vsbie fracture of the medal 
eort cal wall In the d stal segment of the r ghi t b a n a f Im made 
immediately after the injury Twenty e ght days later ioca zed 
opaque nternal callus is evident n both frontal (B1 and lateral (C) 


project ons The fact that the opaque callus does not extent ert- 
I rely across the medul ary cav ty in three d mens ons suggests 
that the or g nal fracture was ncomplete Th s boy was S ye\rs of 
age 


Fig S 512 (1*fl) -Toddler s fracture n a boy 4 /> yea s of age 
who had refused to walk or bear we ght on the r ght foot after 
tw St ng the right leg 24 hours before In A frontal ptoieci on the 
f nd ngs are normal m 6 lateral protect on mere s a long ob 
■ que harine fracture (arrows) m the dstal thrd ot the tbal 
shaft. Such fractures are eas ly m ssed rad ograph eaiiy and ob* 


I gue V ew$ should be obta ned when cl n cal ev denee suggnts 
lodd ers fracture 

Fig 5 513 (Hght) -Toddler s fracture in aboyS/tyeareoIgge 
who had retused to bear we ght on the left loot for about 12 hours 
In A frontal proieci on the t nd ngs s e normal In B literal 
protect on a short obi que fracturs I ne is v a bie 
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Fig 8 514 -Toddlers fractu e In the p ox mat segment of the ter some man pulat on the I ne f acture I ne s v s ble In C made 

t b al shaft wh ch was nv s ble or ba e y v s ble nA madatmme- about three hours later afte app cat on of a p aster cast the 

d ately alter the boy 30 months ol age stopped walk ng and re- fracture I ne s w der and mo a clearly v s ble ow ng to the $l ght 

fused to move the left leg In B made a few m notes later and al ly Increased d st act on of the f agments 


Fig a SIS -Transve se fracture of the t b al shaft wth trans Fig 8 5f6 - Long obi que unstable f actu e of the t bal shaft 

verse comminuted 1 acture of the f bular shaft at the seme level rspaetcalynvsben frontal p eject on (A) but Is dee y v s 
A frontal and B lata al project ons ble w ih substant al d street on ol the f agments n lateral pro ae 

I on (B) Th s boy was 5 years of age 
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Fig 8 517 -St ess fracture of the I b a (arrows) of a boy 8 
years of ag<* lo A, frontal protect on a transverse band of 
ncreased dens ty marks the ste of fracture In B lateral 
project on the dorsal corf cal wall ortly appears to be affected 
Ths fracture appears to be ncomplete 




Fig 8 519 -Transverse Iractufe of the 
intercondylar eminence with incomplete 
separation of the fragments In a boy 7 years 
of age who had been struck by an 
automobile fender A frontal artd B lateral 
projections 


L 
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Fig 8 522 •- Marg nal traclura of the veniral super o edge o' 
the pate la w th d stract on of the flai<e fragment Th s boy was 
13 years of age 


to be palpated Stress fractures have been described 
iti the distal third of the fibula they tend to occur ir» 
the younger children Some reported cases may b^ 
simple cortical post traumatic thickenings raihef 
than fractures with callus formauon I have seen one 
example of stress fracture of the tibia associated with 
a benign cortical defect. Some have been confused 


with productive osteitis and Ewings sarcoma. In 
England some children hate de% eloped stress frac 
tures in the humerus from bowling dunng cricket 
games In javelin throwers the ulnas arc said to be 
vulnerable to stress fractures So far as I know and 
surpnsingly stress fractures in the bones of the arms 
have not been reported In juiemle baseball pitchers 
Stress fractures have dei eloped In the metatarsals in 
several children and in the pedal sesamoids in a few 
The femoral necks are frequent sites of stress frac 
tures In young army recruits from excessis e march 
mg The normal variations at the ju\ cnile ischiopubic 
synchondrosis have led to erroneous diagnosis of 
stress fractures at this site After complete immobili 
zation in a cast stress fractures in the long bones 
usuallyhealmfi 12weeks 

Fractures of the proximal tibial epiphysis are rare 
except in the newly bom and from automobile acci 
dents (Fig 8-519) 

Fractures of the fibular shaft usually heal without 
sMSPJ^naa/. 4eXfua»J/.'5 or. di.sahUj/.'} E'lJl wtiiQiKhfiJV. 
ing can usually be tolerated after two « eeks Injuries 
to (he distal cartilage plate are not uncommon (Fig 8- 
520) Oblique projections may be necessary for satis- 
factory visualization of some of the superficial corti 
cal fractures of the shaft (Fig 8 521) 

Fractures of the patella should not be confused 
with the several noimol vanations dunng growth 
which simulate fractures especially the polar frac 
tures (Fig 8-522) Transverse fractures through the 
middle of the patella due to sudden excessive contrac 
tion of the quadriceps femons muscle are rare in chil 
dren as are comminuted crush fractures caused by 
blows on the patella which dnve it onto the femoral 
condyle The patellas may be displaced (Fig 8 523) 
owing to endogenous disturbances of stress equilibri 


Fig 8 523 — B lateral d slocat on ot the 
patel as laterad n tunnel (A) and skyl ne (B) 
project ons Th s g rllS years ot age a so had 
Id opath c juven e seal os s and b lateral knock 
knee The patellar d slocat on was probably 
ncldental to endogenous d sturbances in stress 
equ I br um at the knees due to abnormal 
stresses induced by knock knee and scol ot c 
delotmrt es 
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um such as excessive tracQon by the shortened quad 
nceps femorls in spastic paralyses 
Fractures of the femur occur at all levels but are 
less common than fractures of the tibix Fractures of 
the distal epiphysis are rare if one excludes marginal 
fractures of the medial condyle which arc called os 
teochondroses dissecans Occasionally the distal car 
tilage plate is lacerated transversely and the epiphy 
sis may be displaced (Fig 8 524) Fractures of the 
femoral shaft are often associated with wide distrac 
dons of the fragments (Figs 8*525 and 8-526) Large 
amounts of callus are common in fractures of the 
femoral shafL Occasionally however in younger pa 
dents the displacement of the fragments Is minor 


(Fig 8 527) Avulsion fractures of the trochanters 
usually offer no special problem in diagnosis (Fig 8- 
528) In companson mth older patients the femoral 
necks are fractured infrequently in children but they 
may occur at any age even in the newly bom when 
the neck is carulaginous and invisible radiograph! 
cally The course of the fracture varies from the near 
ly horizontal to oblique and nearly longitudinal im 
paction of these fragments is common 
Injuries to the proximal curtilage plate with trau 
matic separation of the femoral capital epiphysis are 
rare but do occur after violent injuries (Fig 8-529) 
Ratliff found only 4 previous examples which were 
illustrated with radiographs pnor to 1962 when he 
reported 13 cases It is interesting that of his 13 ex 


Fig 8 527 -snort obi que fracture in the m Odie Ih rd of the 
femorat shaft wth onfy si ght dstract on of the fragments The 
fracture I ne s much better seen in frontal proiect on (A) than in 
ate at project on (B) a though a I ne break in the dorsal cort cal 
wa s clearly ev dent Th s g rt was 16 months of age 
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amples with complete separation of the epiphysis 
coxa plana developed in but 1 and bony union oc 
curred at the fracture site in 12 cases 
Fractures o/ the capital femoral epiphysis are rare 
because throughout childhood the bony center m pro- 
tected by a mantle of elastic cartilage In our study of 
Legg Perthes coxa plana the early Consistent radi 
ographic change was a marginal fracture of the epi 
physeal ossification center and traumatic separation 
of the edge of the center from its overlying cartilage 
It IS probable that marginal stress fracture of the cen 
ter due to overload on its superior ventral edge is the 
primary causal mechanism m most cases of Legg 
Perthes disease 
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Slipping of the capital femoral epiphysis is 
rare in children younger than 9 years The exact caus- 
al agent and mechanisms are not known although 
trauma and stress appear to be important factors The 
slipping may develop suddenly after se\ere injurs to 
an apparently normal child or gradually withoui pro- 
limmary traumatic episode In most cases limp pam 
and limitation of motion at the hip begin donng such 
ordinary activity as walking or runnmg There are no 
constitutional signs Boys are more frequently affect 
ed than girls one or both femurs may be involved 
Andren and Borgstroem found a high incidence 
from June to September and suggested that the cans- 
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al agent Is aminonltnles in the milk of cows which 
have been out to pasture on green fodder dunng these 
four months Ponseti and McClintock produced cpl 
physeolysis by feeding aminonimlcs (sweet pcas) to 
expcnmeiwal animals LaCroix and Nerbrugge con 
eluded from a study of sections of the entire head 
neck femoral junction that the pnmary structural 
changes are fibrous degeneration of the cartilage 
plate which weakens it and permits it to slip gradual 
ly mediad and dorsad One explanation for the sharp 
age limitation of the lesion is the shift from a some- 
what honzontil plane to a more oblique vertical 
plane of the cartilage plate dunng adolescence 
which increases the stress of weight beanng and 
permits easier slipping Johnston and colleagues sug 
gesied that dunng adolescence there is a suboptimal 
retention of calcium which causes Incomplete miner 
alization of the femoral neck that leads to slipping of 
the femoral head on the shafL The diagnosis rests on 
the radiographic changes which disclose thickening 
of the cartilage plate with varying degrees of dis 
placement of the femoral head dorsid and mediad 
(Fig 8 530X The quantitative differentiation of the 
medial and dorsal slipping can be demonstrated by 
Klein s method (Fig 8-531) 

Truen has stated that the transverse radiolucent 
band at the cortical shaft junction represents a Ixai 


Fig • $30 -Si pped lemorsi eo phyv sc'* Ccy lOyeaisolage 
who spra n#d h s foot one year before bejan to i mp end be- 
came much worse a few weeks before tr s siooy in A fronta 
project on w th the femurs in adduct on the ep physeai p ate oi 
the left femur is th ckened n a pattern wh ch at one i me sug 
gested the presf pp ng phase of si pped femoraf ep phys s in 


B w th me femurs abducted and rotated esternafty the head is 
$■ pped cauded and dorsad in refat on to the femoral neck but is 
SI I nnormal re'ai onshpwm the acetabular eavty It Is dear In 
these f ims mat me d agnos s et pra-s pp ng phasa should 
neve be based on I Ims made with me femurs In adduSton 
eione 






Fig 8 S31 — Kle n s method of differentiating medial and dor protection C posterior slipping wh ch Is often invis ble in frontal 
sal slipping of the femoral head A normal femur B medial slip projection Int Is clearly vis ble in lateral projection (see arrow at 

ping of the femoral head in relation to aline which is iheprolon cartlage shaft junct on) (From Kla n et a/) 

gation of the lateral edge of the femoral neck as seen In frontal 


Fig a S32 —Failure Of normal modeling of the shaft alter free 
ture In asaoc at on with paralysis of the muscles of the leg Free 
ture of the d stal end of the femoral shaft m a boy whose leg was 
paralyzed A at 20 moitths exuberant thick external callus has 
formed with extsns vs cort cal th ekening at the fracture sue (ar 


rows) B at 2S months the callus and eon eal thicken ng have 
disappeared but the d stal fragment is d lated w th a w de madul 
■ary cavity and thm conical wal s Th s boy had lumbosacral sp! 
na b f da w th meningomyelocele 



112S 



increase in the medullary vascular sinuses with a re- 
ciprocal reduction of local spongy bone 
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Bone injuries associated m ith paralytic disor 
DERS —The most common of the paralytic disorders 
associated with bone tnjunes is metungomyelocele 
secondary to spma bifida. In paralytic limbs fractures 
of the long bones axe followed by severe metaphyseal 
changes and persistent defomuues of the shafts (Fig 
8*532) Gyepes and associates reported that all of the 
spinal cord lesions they observed were m the lumbar 
levels The radiographic changes were most marked 
at the ankles and inees they included deep trans- 
verse bands of rarefaction in the metaphyse^ levels 
and demineralization of the provisional zones of cal 
cification weakening of the ends of the shafts with 
cortical thickemngs and slipping of some of the epl 
physes and multiple fine fragmentauons Surprising 
ly the contiguous epiphyseal ossification centers 
were not affected Also at the ankles the fibulas re- 
mained intact In the presence of severe changes in 
the tlbias this suggests that the changes in (he bones 
are due to stress rather than to trophic disturbances 
Hyposensitivity to pam is one of the causes of high 
frequency of bone mjunes In these patients 
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Injuries to the cartilage plate were classified 
by Salter and Hams (Figs 8-533 and 8-534) in a pal 
tern which is convenient and useful from a radi 
ographic standpoint Senous deformities and crip- 
plings may follow these injuries Traumatic separa 
tions occur consistently at the same lev cL The line of 
cleavage in the cartilage plate is across the level 
where the columnar cartilage cells and their lacunae 
are maximal and where the amount of tough coUa 
genous matrix is minimal (see Fig 8-57) This o 
course is the level at which the resistance to shear 
force is the least As a result the proliferatbig carti 
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lage layer is always attached to the displaced epiph 
ysis and the provisional layer ofcalcification is always 
attached to the sbaftvvard fragment on the metaphys 
is (see Fig 8-57) The proliferating carulage usually 
continues to grow longitudinally on the shaftward 
side of the fragment in an axis which may be at an 
obhque and even at a nght angle to the transverse 
diameter of the displaced epiphysis which may be 
tipped obbquely to the honzontal axis of the shaft 
Stoppage of longitudinal growth Is usually due to as 
sociated arterial injury The several types of cartilage 
plate mjunes axe illustrated in the foregoing discus- 
sion of fractures especially those at the distal end of 
(he radius and tibia and in the tubular bones of the 
hands 
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TRAUVfATtc CUPPING OF THE stETAPiiYSES lias de- 
veloped in several of our patients months and years 
after their original injuries (Fig 8-555) The cupping 
is due to undergrowth or stoppage of longitudinal 
growth of the rows of cartilage cells on the epiphyseal 
side of the cartilage plate This undergrowth is ap- 
parently due not (o direct injury to the cartilage plate 
but to traumatic thromboses and chronic reduction of 
blood flow in the terminal arterioles of the epiphyseal 
arteries which supply the proliferating cartilage The 
cup forms because tlie central segment of the bone 
grows slower longitudinally than docs Its peripheral 
segment and cortical wall In many eases the central 
segment of the cartilage plate fuses earlier with the 
shaA and longitudinal growth is stopped prematurely 
and permanently Prolonged immobilization of the 
affected part appears to be the principal cause of the 
oligemia in the epiphyseal arteries Prolonged Im 
inobllizatlon is Induced both by paralysis of contigu 
ous muscles and by therapeutic restraints such as 
casts bandages and frames Compensatory over 
growth of the epiphyseal ossification center custom 
arily produces a triangular cone-shaped epiphyseal 
ossification center It should be emphasized that this 
deformity of the ossification center is secondary to 
failure of growth of the proliferating cartilage in the 
cartilage plate 
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Caffey J Some traumatic Irilons in growlne bones other 
than fractures and dislocations CUnicaJ and rad ocraphlc 
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Traumatic cortical thicke-niscs are often the 
most prominent radiographic signs of trauma in 
growing bones and arc never well developed In ma 
ture bones Such thickenings arr relatively most 
marked in the bones of the newly bom Their thick 



1130 / SECTION 8 The Extremities 


Type I 


Type II 



Separation oi epiphysis 


Fracture-eeparation 

of epiphysis 



Type III 



Fracture of part 
of epiphysis 


Type IV 



Frtetur* ei 
•piphyo* tod 
•piphyi**] 
pl4t« 


6on«y umoB 
lod r«*«U*nl 


Type V 



CrixhiBg ei 
epipbyittl 
pl»t» 



Pr« ta itiri 


Fig 8 S33 -Injuries lo the eamiege plate class fed according 
to Salter and Harr 9 Tyne I complete transverse lacerat on o> the 
cart lage plate witn langitud nal distraction and some transverse 
d splacement of the ep physis Tfie Done itself is not broherv 
Prognos s IS good Type II incomplete transverse iaceral on of 
trie cart lage through a variable d stance associated w Ih ob que 
fracture of the cont guous Shalt with a tr angular tag of shaft at 
tached to the displaced epphysis Prognos s is good Type III 
short incomplete transverse laceration ol the cart lage plate w Ih 
a long tudina! fracture extending through the epphyseal ossf 
cation center toward the jo nt Th s usual y occurs in cartilage 


plates of the t Dia Prognosis is bad if the epiphyseal freeturs is 
not reduced win smooth joint surfaces Type IV oblique longitu 
d nal fracture extending from ths art cutar cartilage through the 
epiphyseal ossf eat on center eeross the cart lage plate and 
through a short segment of the meiaphysis through the eon cal 
wall This type is most frequently seen at Ihe lateral condyle of 
the humerus Perfect reduct on is essent al for a good prognosis 
Type V segmmlal crush ng of Ihe can lage plats often fo lowed 
by closure of the plate prematurely and stoppage of growth 
(From Salter and Hams I 
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Fig e S34 -Injury to me cart age p ate at if>e« $ aiend oJ'M 
left femur of a boy it years of age The med al segmer»i o' 'f*e 
cart lage plate is lacerated transversely ana the laiera segmeW » 
broken obl quely and long tud na y (Salter typo u tniury to ine 
cart lage plate ) 

ness and extent vary jmersely with age Traumatic 
cortical thickenings are often the most conspicuous 
radiographic findings in so-called battered children 
their presence is often the most important single rodl 
©graphic manifestation sshich makes it possible for 
the radiologist to identify traumatic injury to a child 
when it is demed or has been unrecognized by p*r 
ems The thickenings are similar in cases of mien 
Uonal assault by adults and of purely accidental inju 
ries They are of no value in the decision as to wh^h 
er the injured child was actually beaten by another 
person or incurred an accidental injury for which no 
one is responsible They were howeser aroajorfac 
tor in my first radiographic identification of the un 
recognized traumatized child in the early 1930s an 
which I first described In 19-16 The radiographic na 
lure of the lesions is illustrated in detail in ihe later 
discussion of the multiple bone injury syndrome (see 
Figs 8 54210 8 559) 
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Patholocic fractures in generalized bone discas 
es are due to changes which modify the relative 
amount of structural materials of the bones 
(according to Chalmers the relative amounts of or 
ganic and inorganic matrices) by the changes in de- 
sign and the shape of the bone and by reduction of 
the total amount of bone present Changes In ihese 
three features singly or in combination may weaken 
the bone and increase its potentiil for fracture Nor 
mal bones have remarkable strength and high resist 
once to potential breaking forces of several kinds 
tension compression shear and torsion For exam 
pla tb/tU: tatvsyA sfxMjyJt. •syivX'f lAvV. ‘s^ 

granite and their compression strength equals that of 
granite Normal bone also has remarkable resistance 
to repetitive loading Chalmers quoted Lee and Ev ans 
to the effect that the second metacarpal could be sub- 
jected to 2 million repeated loadings of 15 1b each 
before it would break Younger bones owing to their 
elasticity absorb the force of sudden Impact and the 
soft ussues which surround bone also prov Ide clTcctiv e 
cushions which increase resistence to forces of sud 
den impact 

rig t 53S Trsumst e mmohysMl cupp ng tn* knees »nd 
shanks n t oMil and lateral prpjeci ens Th t g rl 10 months of 
age had suflereo mult pie l sciuras of both lemurs and ten t b a 
at 5 months oi age wheh abused and beaten by htr mother Be- 
sduet meiaphysee cupping s present In both bones at the left 
knee and at the d stat end of the left t P a At the left knee the 
femur end t b e • e shortened and sp eyed and the joint space Is 
deepened m me femur and proi mai end of the i d a the ep phy 
seel OSS f eat on centers are enlarged the can lage plates a e 
(h one and appear to be fus ng w th the r shalii n Ihe cent ai 
segments o> the cupped earl ag nous plate The defo m t es e e 
grea est at ihe d ate end of the femur and least at the d stal end 
of (he t b a 
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In osteogenesis imperfecta the bones are weaker 
than In any other disease because the organic and 
inorganic matnces are deficient the structural design 
of the bone Is disarranged and the amount of bone is 
reduced In scurvy the orgaruc bone matrix is re- 
duced. In nckets and hypophosphatasia the mineral 
matrix is deficient and the bone mass reduced In os- 
teopetrosis and polyostotic fibrous dysplasia the struc 
tural design is disarranged In hyperparathyroidism 
the structural design is disturbed and the bone mass 
reduced in osteoporosis also the bone mass is re- 
duced 

REFERENCE 

Chalmers J Metabolic bone disease in relanon to fractures 
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Fostfracture cysT of the fibula was demonstrated 
in a boy 15 years of age by Levine and associates The 
right tibia and fibula were injured in an automobile 
accident and simple fractures were demonstrated 
radiographically without evidence of cyst formation 
iatbfl.boiV«j.fihiila..Fouc mantha later a cystic swell 
mg was present at the site of the fibular fracture 
Eight months after injury the cystic lesion had con 
tinued to expand with erosion of contiguous bone At 
surgical exploration the cyst was found to be an en 
capsulated hematoma the periosteum formed part of 
the cyst wall There were no cysts in other parts of the 
skeleton The authors suspected that a false ancu 
rysra or local artenovenous fistula had formed The 
radiographic appearance simulated that of an aneu 
rysmal bone cyst We have seen a cystic unage de- 
velop at the site of a fracture in several cases (Figs 8 
536 and 8 537) 
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Parent infant trauma syndrome (PITS Caffey 
Kempe syndrome battered child syndrome) —In 
growing bones there are three important traumatic 
radiographic changes in addition to fractures and dis 
locauons injunes to the cartilage plate cupping of 
the meiaphyses and external cortical thickenings 
The last named in association with small peripheral 
cortical fractures at the metaphyseal levels were the 
piinapal findings which made possible my fint recog 
mtion of PITS radiographically The cortical meta 
physeal fragments are present immediately following 

F>9 6 $37 -Posiltaclure cyst In the 0 stal Ih d Of the rad al 
shaft 20 weeks etier In ury to e g rl 9 years of ige A t ansverse 
band of nereased dens ty me ks the s te of the ear er f acture 
I ne A c cuiar sha ply del ned rad oiueent patch Is the s te of 
the cyst wh ch was f iied w th b ood and a few mu t nucleated 
g ant cells surrounded by spongy bone when explored surg ea ly 





1 ^ < }. ^Peno8t*nn 

(fibrooj) 




Fig 8 538 — Schemat e drawings ol tha differences in perios- 
teums and their attachments to the undertying cortex tn young 
bones (A) and adult bones (8) In the growing younger bone the 
I brous external layer of the periosteum is reia)ive>y shallow and 
delicate with sparse and short Sharpey s f bars the osteogenet c 
layer IS thick {see stippled layer) Ingrowing bones however the 
periosteum is t ghtly anchored at both ends by heavy extern ons 
into the epiphyseal cartilages Th s loosely attached highly vas 
eulanzed young periosteum is easily torn from its underlying cor 
tex end tree subperiosteal bleed ng is common and copious 
which lifts the bone forming layers away from the cortex to form 
an external shell of new bone in the adutt bone me penosteutn 
is largefy fibrous with reduced vascuianaaticn but with many 
heavy and long Sharpey s t bers wh eh bind me per osteum tight 
ly to the cortex the whole length of the shaft As a result m the 
adult after injury bleed ng is rare under the penosieum and 
when It occurs it does not lift the periosteum as >s the case m 
young bone 


the injury and permit the immediate radiographic 
diagnosis of trauma In contrast the extra shells of 
cortical thickenings do not become sisible radiograph 
ically until 7-14 days after injury although sub- 
periosteal soft tissue swellings the precursors of the 
cortical thickenings may be immediately visible radi 
ographically Traumatic metaphyseal cuppings de- 
velop slowly, and these changes are usually not diag 
nostic until after many weeks or seseral months 
Subdural hematomas have been present in 10-25'<> 
of patients who has e had multiple injuries to the long 
bones Fractures and thickenings of the cranial bones 
and the flat bones at the shoulder giidlc and pelvis 
may or may not be present Marked changes are often 
present in the bones sviih surprisingly little evidence 
of Injury to the overlying skin Ecchymotic cutaneous 
lesions are present sometimes these were described 
In detail by Sussman Retinal hemorrhages and papil 
ledema have been reported by Gilles and Mann. In 
1971 Silverman reviewed the nonskclcial lesions 
The anatomic counterparts of the radiographic 
slons are shown schematically In Figures 6-538 to 8- 
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540 Tlie tightness of the periosteum on the shaft is 
compared In young and old bones in Figure 8-538 
The looseness of the periosteum in younger bones is 
due to the relative shortness and paucity of Sharpey's 
fibers The tighter terminal attachments of the perios- 
teum in the terminal segments of the shaft and of 
penchondnum and the contiguous epiphyseal carti 
lage respectively are responsible for avulsion of the 
metaphyseal fragments (Fig 8 539) The progressive 
changes in the formation of traumatic involucra 
(cortical thickenings) are shown in Figure 8-540 
These progressive temporal changes make it possible 
for the radiologist to estimate the age of these lesions 
and when lesions of different ages arc present in the 
difl'erent bones of the same patient, to suggest that 
there have been two or more traumatic episodes. Fig 
ure 8 541 shows the sequential changes in a single 
bone the dbia, of a patient who was accidentally In 
jured The metaphyseal fragments are clearly seen in 
A (12 hours after injury) which makes the diagnosis 
of trauma a practical certainty several days before 
the cortical thickemngs became visible The cortical 
thickenings and metaphyseal fragments occur in a 
great v anety of patterns (Figs 8-542 to 8 559) 
Traumatic involucra and metaphyseal fragments 
induced by obstetnc injuries during breech deliveries 
are shown in Figures 8-5C0 to 8-5C3, they resemble 


Fig 8 539 drswings el me tghi leffnlnal tttselv 

menis ot me pe^o$teum end penchondnum which are responsi 
tie lof the tregueni metaphyseal Iragmenia! on after injury to 
young giowvng bones In me femurs small chunlta of metaphy 
seal bones have teen ipm from the periphery ot the shaft In the 
1 bia a large s ngie fragment has been avulsed and than tifiad 
hinge fashion toward the epiphyseal cartilage to overlap on it 
and produce me charactenst e bucket handle deform ty of 
trauma 
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Fig 8 540 -Sehcmst e drawings of tha s«nai changes in che ued to thicken while the hemaloma continues to Oe resorbed 0 

formation of traumat c cort cal hyperostoses A, the f r$t stage all of the hematoma has been resorbed w th res dual Ih ckening 

ths traumatic force has loosened the periosteum and caused of the cortex where the new thick shell has now fused with the 

bleed ng which has I fted the periosteum away from the conex f old unde lying cortex W th the passing of t me the cort eat thick 
periosteum 2 hematoma 3 normal cortex a periosieei new emrtg is resorted although it may lest for several yaars in older 

bone 8 t peripheral shell of bone is bemg formed over the pat eni$ The mechanism of new bone formation s s m lar to that 

hematoma by the lifted panostavirri C the new shell has conhn' of cephalhemsioma (sss Fig t 93> 



Fig S $41 -Sequsntial changes m trsumat c iniani i* hyp«r ■•um C «) 13 Oay« Vamrat and doraal coaiesi tn cken ngs ar* 

dates a <n a pat ant 3 weaks ot aga A i2 hog's aiie' oiury daapar and mo'e opagua than bafera Tha ch p Iraclufc frag 

Thara is no avidanca of cortical hyperostosis dacausa i >s too rrants ara diar>dr>g wth tha shaft D at 19 days The eorlicat 

soon after injury lor the necessary bone formation There are two she is ot new bona are thicker and more epaeua and tha fracture 

chip fracture fragments at tha proximal and of me i biai shaft fragments are fused w th the i biai shaft 

near the eartilage*shaft junction where the per osteum ■$ most The moinerieii on in s miant wh la carry rig i| aerost aal ppery 
tightly bound to the underlying cortex and primary cone ot caici itoor-a pure acciderM with no eiementa cl wiful rtegleclor evit 

f eat on B 7 days after injury The ventral cortical wan is rtow ntent but shed d r>oi admit that tha ch id had been injured until 
thickened externally over its entire (engin except ng a snort dis. alter a good prognes s was a» dent She was ashamed to be ra- 
tal lerminaf segment This Ih ckenng represents new subpenos tponsibefor an sec tfentro her cn fd whom the loved tfearfy 
teal bone la ct down between the cortex and the ra sed penos 


Fig 8 542 (left) -Severe traumatic Iragmentaton oUhe pro. who sulfered from eongen tal inseniii vity to pa n Theehanges 

visional tones of ealcif cat on of an mtant 8 months of age induced by trauma ara at ka in pat ants insens t »e to pa n and 

ng 8 543 (Tight) -Mutlipie metaphyseal eon cal iragmentsai those who are sens t veto pa n 

the distal ends of the radius and ulna of a boy 6 moniTis of age 
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Fig B S44 -Right knee of an Infant 30 monthsot age A, frontal, 
and B lateral projections Small metaphyseal cortical fracture 
fragments are v sible on the prox mal s de of the nghi femur 
d rectly above the proximal edge of the right tibial shaft on the 
cauOa'i edge c)>Yne>emur in h and mtront andbehind the tibia in 


B The diagnosis of traumat c injury was made radiographically 
txit was rejected by the clinicians and by the court The mother a 
psychopath strangled this infant to death several weeks later 
(Courtesy of Or R Parker Allen Denver Colo) 


Fig • S*S - Multiple metaphyseat cortical 
fragments at the d sisl end of the left 
femur and proximal ends of both hbias 
The right femur is d siocaied out of the 
r ght acetabulum by hemerthros s end 
there is a large traumatic mvoiucrum on 
the proximal end of the r ght lemur In 
contrast to the other bones (he d stai 
metaphysis of the right lemur ■$ normel 
This boy e months of age was Deeten by 
an attendant in a nursery 
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Fig A-S46 - Fragments ol tt>e prov s onal zones ol 
calc feat on of me left femur and t b a and fractures 
ol two r bs ol an Infant 10 weeks of age whose 
mother f na ty confessed to hav ng beaten her 
because of ncessant cry ng There were a'so mult pfe 
fractures ol the calvar a artd b lateral subdural 
hematomas The mother had taken esee lent care of 
two s bt ngs 4 and 6 yea s of age who had never 
beert beaten or abused in any way accord ng to the 


Fig a 547 -Traurnat o avuis on of cort cat metaphyseal i ag 
ments and pess bla separat on of the prov $ ona zone of ea « t 
cat on of both femurs and both i b as of a boy 3 j months ol age 
The med al con cal walls of the femurs are th ekened e«te nj ly 
Also the left humerus was broken in ts m ddia m rd where eon 
8 darable opaque callus had formed At the pro» mai end oi me 
left t b a separat on ol a cort cai r m ol bone p oduces a buck 
et handle deform ty 



Fig 8 548 - Large trsumsi c cort cal Involuerum w th a rala 
ve V ih n she i ol bone around a in ek subpenosteal hematoma 
wh ch sugg^ts re at ve y recent format on m companson w Ih 
hai nFgure6 549 The dstal femoral epphyts s lacerated and 
Is OSS < cal on center is d spiaced laterad and dorsad (Sa ter type 
n ury 10 the cart tape plate) Th s boy was 5 months of age 
f gs 8 548 and 6 549 courtesy ol Dr Freder e N S iverman 
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^ ® —Large Jraumai c cort 
Ih ck bony walls antf relal vely th nni 
between <1 and the edge of the old e.^,. 1 . 0 , 
8-548 in wb eh Ifie mass of blood is large 
comparatively tn n) Th s pattern of more p 
blood centrally suggests an older les on th 
Th s boy was 9 months 0 / age 


nvolucrum w th relat vely 
d olucent mass of blood 
■ »all (compare wlh Fig 
nd the involucrum wall 
r pheral bone and less 
n that in Figure 8 548 


Fig 8 550 —Traumatic involucra in the femurs In the r ght femur 
the involucrum is thick and irregular with relatively deep rad oiuceni 
str ps between it and the underlying cones fn contrast the involucrum 
tn the left femur ra th n and smooth with relatively Ih nner rad olucent 
strip of super! cial blood Severe metaphyseal changes are present in 
both ends of the t bias and include a deep bucket h»idle deform ty 
at the d sial end ot the r ght t b a procrabiy caused by avuls on of a r m 
of the con cal bone at Ih s level The different types of traumat c les ons 
were all present at the same I me in a girt S months ot age who was 
$a d to have been beaten by her s sier 4 years of age 
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Fig t SS2 —The mult p e bo^ie njury eyntf ome A sepa at on 
of the cp physeal oaa f cat on centars f om the prcx mei end of 
the lett humeral ahaft (Sa ter type I n ury to the can lage p ate) 
avulsed fracture fragment of the r ght icapule and loca zed con 
ea th eken ng on the late al aspect oi tne r ght humeral shaft of 
a g rt 2 years of age The type Ot njury at the melaphys s at the 
proa mal end of the left humerus was not sat sfactor y deter 
m ned The cause of these njur es was also not learned tne fa 


ther sa d that she had fallen out of bed that morn ng wh eh s 
probably not true because the aeleros a at the p ox mal end of 
the left humerus would requ re more t ms than a few hours to 
deveop B fracture of the left femora neck andpatho og e da o 
cat on at the left h p Pus and b ood wert aspirated from the left 
h p |o nt n seems t kely that a of these red ograph e changes 
were produced by n u es susta red sere al weeks and months 
before these f ms were mads 


Fig S S$3 -The mu t p e bone n ury syndomewthpers stent 
t aumat c changes n tne r ght rad al d stal metaphys s A at age 
4 months a small f acture fragment s v s ble on the u nar s de of 
the d stal end of the rad us B at 2 years the rad al melaphys s s 
mojntgWefr anrf megwi'a ff ose/erf C et 5 i<eart ttw 
metaphyseal ir egularty s deepe than at age 2 Thecompan on 


ulnar metaphys s s normal Th s boy we ghedonly 28 10 and was 
3$ n lortg at S /< yea s of age A though he was neg ecied a 
concivs ve story of trauma was not obta ned but the rad ograph 
c changes p obably were all due to mechan cal Injury and poss 
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Fig 6 SS$ -Lat«ral project on of a lumbar segment of the 
ep ne at S /t years ol age (same pat ent as rt F g$ $ and 9 
6S4) The kyphos s n shallow w tn the apes at the L 12 segment 
The poo es of T 10 through L 2 are ceformeO oue to detects at 
the super or anter or angles w Ih narrow ng of the nterverl«brai 
spaces at these levels The arrows are 0 recteo at the sde o( c 
fracture f agments between T ft and T 12 


Fig t Res dual fa lure ol eonstnct on at the d slil end of 
the r ght femur of a boy 20 months of age after resorpt on of a 
iraumat c invo ucrum The nght leg was I rst mju ed s a months 
Mfo e The d siai th rd of the r ght femorsi sha t a w defied Its 
meou ary cav ly d aied and its laiaral wa 1 bulges e«te na ty (ar 
rows) (See fa ure of tubu at on of femur alter b opsy n ury F g 
92S2) 



Fig 8 SS8 —This irass vs trsiKHStic sxtsrnsl cort csi thicken ng 
ot the Femur formed during (our weeks alter this boy 9 months of 
age was supposedly thrown out ol bed by a s blmg The right thigh 
was sa d to have impacted on the aha p edge ot a table leg A 
relatively small amount of blood (he narrow rad oiucent sir p 
between the outer edge of the cort cal wall and the inner edges of 
(he newly th ekened cortex is st ll present The distal ep physeal 
oss ( cation center (Salter type I in)ury to tne cartilage plate) is 
displaced dorsad as seen in lateral project on (B> and there is a 
small evulsion fraciure fragment at the dorsat angle of the I bial 
melaphysis A fracture fragment is also ev dent at the ventral end ol 
the tibial metaphys a 


Fig B 560 -Neonatal conlus on ot I 6 a A, 0" the Isl Oay Oeep loca tta th eken ng ot the i b at cortex Is now ev eenl C at 

1 1 fe the bones appear to be normal a though there were sweit the age oi 102 Pays the eon cal th eken ng Is tt II v » b e Trae 

g ano tenderness above the ankle B at the age ©• tO days a r>gs of roentgenograms 


O 
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Fig 8-561 -Neonatal subpenosleal contuson of Ihe dsUI end of 
the femur on the 14th dayolfle A delicate shell of new bone lies 
external to the med al aspect of the cortex it represents bone wh ch 
has been formed under the raised penosleum and over a subperiosteal 
hematoma caused by obstetric trauma during breech extraction The e 
were s milar roentgen changes in the other femur 



Fig 8 562 OaftJ -Neonatal contus on of the femur with mss 
sfve cart cal thicken ng and lateral 0 splacement ol the ossifies 
tion center of Ihed stai ep physis on the 14ih day of I fe The pa 
tient was delivered by breech extraction and e soU mass was ev 
dent in the right thgh soon after birth this swelling graduafy 
became smaller and harder At no t rne was the skin over the 
swelling d aeolored The rest of the skeleton was normal loeni 
genograohically A, frontal and 6 lateral protection 
pig 8 583 (center) - Neonatal contusion of the femur wth 
long mass vs external eort cal hyperostosis on the 28ih day of 
I la in a patient delivered by breech extract on Tiaumai c lesions 
ol this kind especially when multiple have been contused with 
syphilis of the diaphyses scurvy and infantile cortical byperos 
toses 


Fig 8 564 (fight) -Infant )e contusions of the rad os and ulna 
w ih tong mass ve external cortical th ckenings one month after 
the infant 4 months of age was jerked upward by th s arm to 
prevent him from falling off a table The forearm became swollen 
a few hours after the injury At f rst the mother denied that the 
patient had sulleied injury at any t me but told of the injury on 
drect guest on ng in the x ray department after this film was 
made Tins case Illustrates the unreiiab lity of the history of trau 
ma to infants by mothers and nurses when the usuaf causal his 
lory of I auma is taken These Ireumalie obstetric and accidental 
lesione are identical radiographically with those caused by w Iful 





Fig 8 S6S -Juven le contusion of the femur «nth s large Oeii 
cate foamy cortical thickening four weeks after a footOaii iniutY 
to the thigh the patient aged 14 fell on the upturned cleats of 
hla blocking back alter being tackled In eompansort with infan 
tile lesions the eort cal th ckenmgs m luvemies and adults form 
more slowly and are more confined to the e>act site of injury to 
the periosteum because the periosteum is more tightly attached 


Ffg 8 S$S -Symmei'icsi eilernsi thickening of the laleral 
cortical walls of the I buias of a bey 4 years of age who had «vorn 
I ghtiy laced boots for seveiai months Con cai th ckenmgs el 
this kind have been called siress fractures of the f buias erro- 
neously we believe in some cases 


to the ehaft In older persons A, frontal and 8 lateral projec 
tiona 

the traumatic lesions encountered In mfanis after 
birth and in children The most rapidly forming roost 
extensive and thickest traumatic involucra, rela 
tisely, develop In the injured new boms The changes 


Fig 8 587 -Symmeiricai thickenings of the latersi eort cal 
walls Of the femur of an asymptomatic Infant 3 months of age 
Traume was denied in the history Lesions of th s type found in 
many asymptomatic infants especially prematures are probably 
due to trivial unrecognised trauma Inc denial to dress ng bifiv 
ing and even gentle play to lha loosely attached h ghty vascular 
del cafe periosieum of the very young 


in Figures 8-54 1 and 8-564 developed after denied but 
accidental injunes they are identical mdiographi 
cally with the traumatic changes that develop after 
wilful assault of older children by adults The extent 
of the Involucrum is more Imuied In older children 
(Fig 8-565, compare with the extensive neonatal in 
volucrum in Fig 8 5G3) Free bone fragments may be 
seen in the soft tissues Symmetrical cortical thicken 
ings (Fig 8-566) of the fibulas have been due to ex 
cessiv ely light lacing of boots in sev cral patients The 
reader is referred my report of 1957 for detailed de- 
scriptions and a wide variety of these lesions in their 
chnical settings Examples of possible Idiopathic 
traumatic cortical thickenings are show n In Figure 8- 
567, and examples of traumatic cortical thickenings 
of the phalanges In Figures 8-568 and 8-569 
The high diagnostic value of these skeletal changes 
has been proved over many years Absence of radl 
ographlc bone changes does not, of course exclude 
parent Infant abuse The radiographic lesions In the 
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en ngsof the m dd e and basal phalanses of tfie3/ddg i of ag rl 
2 of age whose hand had been caught n a door and n 
)ured f ve months belo e Traumat c changes of th s k nd have 
been confused w th the fus form d g tal swell ngs and cert cal 
th cken ngs of the pha anges found m rheumato d arth i $ 


long bones which are induced dunng partunuon es- 
pecially m breech deliveries simulate the skeletal 
changes of parent infant trauma Many premature 
(low birth weight) and some normal full term infants 
develop smooth cortical thickenings dunng the 1st 
year of life these should not be confused with irau 
maticinvolucrums of parental trauma 
Radiographic study of the bones discloses the site 
number nature and appronmate age of the bone le- 
sions Radiographic changes are often present m the 
absence of local clinical signs It is clear that this 
roentgen test of the skeleton for signs of trauma in 
parent traumatized young infants not only identifies 
the traumatic ongiii of the lesion but provides mfor 
mation that is valuable in several other ways Posi 
live evidence of changes in the skeleton when pre 
sented to the parents has on several occasions per 
suaded them to confess the truth and such evidence 
is a deterrent to further trauma by guilty parents who 
do not admit their guilt At necropsies In cases in 
which traumatic injury is suspected or the cause of 
death is unknown complete radiographic examina 
tjon of the skeleton is mandatory There is no single 
test for disease in the total diagnostic field of pediat 
rtcs which idenolies the causal agent and provides as 
much other useful information We include such val 
uable time honored procedures as the tnbeicuhn 
Schick Wassermann and Kahn tests and thechemical 
and immunologic serologic tests for disease agents 
In the same breath we emphasize that the radi 
ographic skeletal changes do not identify the perpe- 
trator of the trauma or his motive 
Most of the skeletal lesions result from tracuon 
(stretch) stresses rather than impact (compression) 
stresses They are induced by stretching and shearing 


fmres in the periosteum and on the tendinous and 
ligamentous attachments to the growing bones rather 
than by direct compression of a hit from a patent s 
hand or kick from his foot The high frequency of 
traction lesions indicates that the infant is commonly 
grabbed and held by the extremities dunng shaking 
which often causes whiplash stresses on the head 
and neck and repeated fast stretching and then 
squeezings of the brain and iniracramaJ blood ves- 
sels which account for the high incidence of eubdur 
al hematoma and probable bruising of the brain it 
self In the extremiUes the soft tissue stretching and 
squeezing axe aggravated by the resistant counter 
forces of the infant as he twists and squirms 

A summary of current knowledge of the parent in 
fant trauma syndrome indicates that u has a high 
incidence although the exact mcidence is unknown 
Keinpe estunated in 1971 that 15 000-25 000 infants 
and children are significantly injured in the United 
States each year The patent infatituyunes are large- 
ly in the group younger than 3 or 4 years The syn 
drome apparently has similar incidences in Canada 
Western Europe and Australia The prevalence of 
PITS in Eastern Europe Russia the Middle East and 
Afnca is not known to me I have seen a few exam 
pies tn Amencan Indians and films of several cases 
have been sent me from South Amenca. Dr Mazloum 
Osman investigated the frequency of PITS al the 
Childrens Hospital Alexandna Egypt and encoun 
tered no cases during the three years 1968-71 Our 
resident physicians from India and Iran report that 
the syndrome has not been recognized in their coun 
tries The Engbsh have recognized the syndrome 
officially In their Nauonal Society for the Prevention 

np e $19 -Mult pie meisptiYseal Iragmantat ons (arrawt) 
wth sclarast anO tti cken ngs n the cortexes of tne tubular 
bones ut a boy S years of age who had made a praet ea of slam 
m ng (he door of a reingeraior on one hand and then the Other 
many i mes each day lor aeve al mon ha He seemed to enjoy th s 
praci ce and was later found to be nsens t ve 10 pa n In the bas 
a> pha anges there era ext a epphyseal ossf cation cente s n 
thed Slat ep physeal cart lages (arrows) these we bei eve formed 
ow ng (o (he chron e hyperem a nduced by the repeated trauma 
dur ng long pe ods S m lar changes were p eseni tn the bones 
of the other hand 





of Cruelty to Children in a Department for Battered 
Child Research However statistics are inadequate in 
all parts of the world U is possible that many cases of 
idiopathic subdural hematoma and brain injuries are 
residuals of unreported parent mfant trauma and 
also spastic cerebral disease idiopathic hjdrocepha 
lus and microcephaly and idiopathic mental rctarda 
tion If so effective prevention of parent infant trau 
ma would decrease these miserable and costly disor 
ders substantially We hope that penetrating studies 
of these important aspects of PITS will be made 

The cause of PITS is Intentional assault of infants 
by mothers usually but occasionally by parent sub- 
stitutes and others to whom infants are exposed m 
their own homes The basic pathogenesis is fitful loss 
of self control by the distraught mother owing to ex 
cessive stresses of a hostile impoverished environ 
racnt a mother unprepared for marriage child bear 
mg and child rearing She succumbs momentanly to 
the combat fatigue m a hopeless struggle with over 
whelming odds 

The vicums are normal infants commonly 12 
months old or younger who are usually well fed well 
clothed and clean The incidence of parent infant 
trauma is however higher in premature unwanted 
deformed and adopted infants and in multiple-birth 
Infants those with a step-parent and those resident m 
foster homes It is possible that provocative demand 
Ing infants are traumatized more than normal in 
fants 

Usually assaulters are mothers and to a much less- 
er degree fathers or parent substitutes of all races all 
religions and from all social educational economic 
and cultural levels from a wide and umform geo- 
graphic distribution Customarily the parents arc of 
normal mtelligence and as a group with few excep- 
tions they suffer from the some neuroses the svme 
character and emotional problems in the same range 
and degree as any randomly selected group of the 
same size and from the same nuLeu (Galdslon) No 
stereotype psychotic has been identified Accordmg to 
Kempe in 5'^c one parent is a delusional psychotic and 
in 5^ one is an arrogant psychopath 

Curatiie treatment is exceedingly difficult and 
usually impossible by a single physician in the offee 
hospital or outpatient department Social service fol 
low ups psychiatric counseling and wordy adviie do 
not ehnunate the basic causes-ihe hosule iropover 
ished environment and its heavy stresses on a belei 
guered mother in despair The mother and her family 
need immediate substantial material and emotional 
support. This has apparently been done most effee 
lively by Galdston s method of ‘profccuvc inicrven 
tion which provides day care ten hours a day five 
days a week Personal and telephone consultations 
are provided to parents on demand and they have 
group meetings at the center In the evenings In an 
experience with 43 infants cared for at an iverage 
of five months each not a single patient his been 
reinjured during the nights at home and the 
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two days he has remained at home over the weekend 
Preientiie treatment which should be the goal of 
everyone could be achieved by the application of 
knowledge and resources currently aviilable Yoimg 
mothers and fathers need training in the practical 
aspects of the optimal care of their infants before 
they are bom. Unwanted pregnancies could be pre- 
vented by proper contraceptive control and or stci’iH 
zauon of one or both parents on demand Unwanted 
pregnanaes could be terminated by abortion on de- 
mand The major need in prophylaxis of parent infimt 
trauma is full recognition of the primary important 
social and economic service the child bearing child 
rearing mother provides the community and a gener 
ous reward to her for her valuable contributions to 
society She produces nurtures and rears the most 
valuable product in our Cross National Product bu( Is 
consistently undcrv alued underpaid and ov erw orkod 
Her task demands 24 hours a day 3GS days a y^ar 
dunng several years Her emoluments should outrank 
such dilettante workers as elcctncians truckers and 
plumbers Perhaps these realistic values cannot 
achieved shon of the organization of a Union for 
Motherhood which could become the largest in me*n 
bership the strongest in social and economic pow'cr 
and the most persuasive in political clout 
The foUovving conclusions on PITS seem reasopt 
ble in the year 1971 (1) Because of Its high incident* 
substantial mortality and morbidity and Inie cercbfol 
complications PITS is probably the most important 
discovery of a new pediatric disetse In the past 50 
years and certainly the most important infantile di^ 
ease ever discov ered by radiographic examination (2) 
The deep impacts of the discovery of this syndrome in 
mediane law social practices politics communlC) 
non services (pross radio television) are unparallcK^tl 
in the history of pediatric discoveries (3) Intentional 
v-igorous and even mild casual shaking of younger 
infants with pliable skulls is probably a much mofv 
importani cause ol cetebrd) and ccre'orovascu'lar d)s 
ease with serious later residuals than is now appre- 
ciated (4) Tliis disease could be largely eliminated 
now by proper prophylactic measures currently ivall 
able (S) The liberation of the child bearing chlhl 
reanng mother in the prevention of PITS could sen^ 
as the spearhead for the hberition of women gentr 
ally 

T^e elements of the syndrome arecpiiomlrcd In ih® 
following threnody 

A Clinical Lament 
Poor forlorn t>aOr t><irrly rtarIrJ In I fr 
But tieltm olrrsi/y of erorl family ilriff 
Yottrpurenti lon<riiri tockeif In tllenre 
(futfc untold later cf reerri iMence 
When ur/tuth gour fifth u tth raJ ant ilrtamt 
S eh bonrt thine tlear In truthful glean t 
It t (huhe ihdie and thake more than hath and hatter 
That hruiir brain bonei anddara naier 
Perneml-er your mother It noi afiendfattaken 
Jutt your man In d itrrtr hy Ihe uorldforiaken 

JC 
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Focal stress fractures and stress deformities 
OF THE EPIPHYSES BOUND BONES AND METAPHYSES 
(formerly called ischemic necrosis and osteochon 
drosb juvenilis) constitute a group of widely scat 
tered and unrelated independent lesions m the grow 
ing skeleton which arc charactenzed radiographically 
by focal fractures and compression of the provisional 
zones of calcificanon and their underlying spongy 
bone Many of them pass through a senes of progres- 
sive radiographic changes which include sclerosis 
flattening fibrous replacement of the sclerotic bone 
and reossification of the fibrous tissue with complete 
heabng but often severe crippling deformity as weU. 
These cyclic changes may continue over a penod of 
three to five years The degree of deformity and disa 
bibty depends on the duration and degree of the stress 
to which the softened fibrous parts are subjected. The 
exact causal agents and mechanisms are not known 
although excessive simple mechanical endogenous 
stress appears to play an important role m all of them 
The traditional causal hypothesis suggests that 
unpatiiment to the local aitenal blood supply is the 
prunary cause which reduces the flow of essential 
nutrients and oxygen to the growing bone and plays 
the pnmary causal role and induces ischemic infarc- 
tion Our observations in coxa plana and the findings 
of Blount in tibia vara indicate that deformity and 
sclerosis /ollou' fl^cture in Perthes coxa plana and 
that there is no necrosis in Blount s tibia vara. Boz 
nan proposed that the pnmary injury and causal 
mechanism might be direct mechanic^ compression 
of the convex edges of epiphyseal ossification centers 
and of round bones (provisional zones of calcification 
during growth) which does not immediately damage 
the whole bone but merely affects its edges Accord 
ing to Boznan the necrosis which follows is secondary 
to the onglnal compression compression of bone is 
the sole underlying cause of all these diseases He 
also pointed out the frequency of microscopic com 
pression fractures of the cancellous trabeculae 
Crock a meticulous student of the precise blood sup- 
ply of growing bones commented in 1967 that the 
sigmficance of the blood supply as a causal mecba 
nism In Penbes disease remains unclear Johnson 
concluded that a dense femoral head following injury 
does not necessarily mean a necrotic head that sped 
mens of Osgood Schlatter disease rarely show any 
evidence of necrosis and that the explanation of os- 
teochondrosis dissecans as an Infarctive process is 
unsatisfactory 

Except for Blount s tibia vara the juvenile stress 
lesions are more common in boys than in girls rarely 
develop before age 3 or after age 12 and are exceed 
ingly rare in Black children Each of these several 
Independent lesions are often designated by the name 
or names of its discoverers (F ig 6-570) this has giv 
en nse to bewildering plethora of eponyms Develop- 
mental focal irregulanoes in ossification which of 
course are not necrotic and not significant cUmcally 
are found at the same sites where many of these 
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stress lesions develop (see Fig 8-245) This has led to 
frequent errors in diagnosis and the sentencing of 
many healthy children to unnecessaxy longterm, 
expensive and emotionally damaging treatment 
Some of the supposed “ischemic necroses," such as 
Sever's disease of the calcaneal apophysis and Van 
Neck’s disease of the ischiopubic synchondrosis, arc 
now conceded to be medical myths Koehler s disease 
of the tarsal navicular is an exceedingly rai* entity 
which simulates the normal irregular sclerosis and 
hypoplasia of this bone Hypoplasia and irregular 
sclerosis of the tarsal navicular are normal develop- 
ment features in at least 20% of all healthy children 
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Legg's itress fracture of the femoral head (Legg 
Perthes Calve disease) is one of the most common 
acquired crippling lesions of childhood and is often 

fig 6 571 -The retarded skeletal maturation of essential coxa 
plana according to Girdany and Osman Ail values are below the 
med an or Wty perceM'le anfl the msionty are weK below the 
third percentile Theprobabiity of this being a random pattern ts 
less than one In a m tl on (From Girdany and Osman ) 

BONE AGE VS CHRONOLOGIC AGE 
IN PERTHES' DISEASE 



followed by disabling osteoarthntls 10-30 years 
later It is by far the most important of the focal 
stress lesions if one excludes Legg s stress fracture, 
the importance of the whole group diminishes by 80- 
90% This lesion develops in children between age 3 
and 12, with maximal incidence at 6-8 years Boys 
are affected four to five times as frequently as girls 
In about 1 m 10 paoents the changes are bilateral 
Black children are rarely affected The patients are 
generally clinically healthy, but bone maturation is 
consistently and often severely retarded Among 184 
patients Cirdany and Osman found that no padene 
had a bone age greater than the median age and most 
were below the 3 pereendle of a normal population 
(Fig 8 571) Legg s coxa plana is occasionally famil 
iai and may affect several generations (Fig 8-572) 
Coxa plana (mere flattening of the femoral epiphys 
eal ossification center) bas been found fortuitously 
by us in association with a wide variety of chnical 
disorders congemtal dislocation of the hip, hypothy 
Toidism, pituitary dwarfism juveiule rickets Gauch 
er's disease, hemophilic hemarthrosis of the hip, gar 
goybsm, Morquio s disease, achondroplasia the con 
gemta) adrenogenital syndrome cehac disease, the 
rheumatic state, diabetes meliicus carcinoma of the 
thyroid, sickle cell anemia, aregenerative anemia, 
familial fibrosis of the jaws, multiple epiphyseal dys- 
plasia and Fabry’s disease Most of these are probably 
chance associations However, in Morquio s disease 
and muluple epiphyseal dysplasia coxa plana Is a 
consistent finding It is also likely that many of the 
examples cited above, except Morquio a disease, are 
developmental in origin, such as Meyer’s dysplasia of 
Ibe epiphyseal ossification center ui the proamal 
femoi^ epiphyses, without the progressive fiattetung 
and destructive characteristic of Legg Perthes coxa 
plana. The coxa plana associated with congenital dis- 
location of the hip is not Legg Perthes disease, but 
probably is a late sequel due to pteviout treatment 
dunng the early months before the epiphyseal ossifi 
cation center of the femur ossified The metaphyseal 
lesion of Perthes’ coxa plana rarely appears with con 
genital dislocation of the hip The coxa plana of sickle 
ce’Il anemia ^eCts dAer diiWiivti "aiA trserJli) •litft'b 
not progress through the standard cyclic changes of 
essential coxa plana. This is also true of several other 
of the disorders mentioned above 
The pnnapal clinical signs are hmp and pain and 
liimtatioR of motion at the hip Sometimes pam is 
referred to the inside of the ipsilateral knee, for this 
reason, films of the bips should be made when a child 
has pam at the knee These signs may last for a few 
days or several months They are often inconstant At 
the onset they are commonly slight and vague In 
some cases an exact dale of clinical onset is not rec 
ogmzed by the patient or his parents Radiographic 
changes are in many cases far advanced when the 
chmcal onset is first detected, indicating that ra^ 
©graphic changes have been present long before the 
clinical signs became appreciated Occasionally radi 
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FI 3 t 572 -Familial coxa plana in thrM genefaiions A. m a 
twy 6 years of age 8 in h s faffier 32 years of age C m ifte pa 
lemat grandfather 60 years old in whom severe 'es doai* of 
coxa magna widening of the femoral r^ecks diatalion of the 
acetabular cavities and destruct on of their roofs and marked 


thinning ol the aftiCulaT can tages demonsttate the late painful 
sequ^s in pat enis who may be asymptomat t during the second 
third and sometimes the fourth decades (Courtesy of Dr 6er 
tram A C rdany P Itsburgh ) 


ographic changes are discovered hv chance in pa 
tients who had no climcal signs or signs for only a 
few days or hours (see Fig 8-5865 There are no con 
sUtutional signs and standard iabotatovy findings are 
normal In 1964 87 new cases of co?ta plana were 
Teponed In the entire population of the Common 
wealth of Massachusetts by Molloy and MacMahon 
They estimated that the sinnuai Incidence rates 
peaked between the ages of 4 and 8 years and were 
about five times as high m boys as in girls ITielr 
cummulativ e-to-15-years of age attack rates were 
1 740 boys and V 3700 girls Of 74 patients with ade- 
quale records 1 was Black. The mean birth weight of 
the affected children was smaller than that of con 
trols 

Prognosis is uncertain even after most skillful 
treatment. Early age at onset improves the prognosis 


Regardless of treatment tesuUs are better in patients 
whose lesions appear from age 3-5 years than In 
those In whom the first signs appear at C-6 years 
The value of different types of treatment is con trover 
slal Complete healing with varying degrees of de- 
formity occurs spontaneously regardless of treatment 
and the degree of deformity Few (perhaps less than 
10 ^) of the patients recover with normal femoral 
heids and normal aceiabuhr cavities Despite com 
picte heaflng durtng childhood (he patients may suf 
fer from painful cnppling ovteovrthnijs during the 
third and fourth decodes of life owing n> progrrsslve 
destrticiion of the articular cartilage on both sides of 
the hip joint due to mUfil of the enlarged and de- 
formed healed femoral heads Into the now too small 
acetabular cavities Better results have been rrponed 
by a few surgeons after surgical treatments which 
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provide deeper and more complete coverage of the 
femoral head by the acetabular roof 
The microscopic changes during the earliest phase 
of the disease are unknown Jonsater found high 
grade necrosis of both bone and bone marrow In his 
initial stage ' which appears to be later radiographi 
calJy than the earher margmal fracture and flatten 
ing stage of Caffey In the more advanced stages of 
the active disease microscopic examination discloses 
massive necrosis of spongy bone with multiple frac 
tures and distortions of dead trabeculae which are 
scattered along with some bone powder in the 
fibrous tissue of the compressed medullary spaces 
During the reossification phase new bone is deposit 
ed on the dead trabeculae (Bobechko and Hams) The 
late residual gross deformities are not associated with 
necrosis because heahng is complete in the latest 
st^e after three to five years The tadiolueent defects 
in ^e metaphyses appear after the primary stage of 
marginal fracture and are made up of tongues of ra 
diolucent uncalcifled cartilage (Ponseti) which re- 
place the more radiopaque spongy bone and in some 
cases a segment of the radiopaque ventral cortical 
wall There is no necrosis at the sue of the radiolu 
cent metaphyseal defect, but often the uncalcified 
cartilage hypertrophies to form an encbondroma in 
the medullary cavity of the femoral neck 
The causal agent and mechamsm have not been 
sattsfactonly demonstrated Many hypotheses have 
been advanced including local ischemic necrosis due 


to impairment of arterial blood flow inflammation 
vitamin D deficiency thyroid deficiency idiopathic 
lateral dislocation of the fetroial head torsion of the 
femoral neck mcreased declivity of the acetabular 
roof, thickemngs of the soft cssues at ihe level of the 
femoral neck and direct marginal compression and 
local fracture of the fimoral ossification center The 
first named has long been the most popular although 
it has little other than circumstantial evidence to 
support It Our findings during what appears to be the 
very eaihest radiographic phase of the lesion support 
the last named hypothesis— direct compression and 
fracture of the edge of the femoral ossification center 
by the acetabular roof owing to lateral idiopathic dis- 
placement of the femoral head which leads to seg 
mental overload on the edge of the femoral head. This 
Is a stress fracture and is usually due to repeated 
long standing compression of the displaced femoral 
head (Calot) against the oterhanging segment of the 
acetabular roof The traumatic forces mvolved are 
largely endogenous, although occasionally coxa plana 
appears to develop after a single episode of excessive 
external stress as in a sudden twist dunng running 
or ice skating The secondary necrosis which follows 
primary fractures is due to progressive compression 
of the medullary cavity rather than pnmary injury to 
the retinacular artenes WaldensCroem apparently 
saw marginal fractures and possibly intraepiphyseal 
gas in some of his patients observed early m the djs 
ease Burrows saw subchondral fissures dunng the 


Fig 8 873 “ Coxa plana in tha asfiy dislocation phase poor lo the leli h p in fcoth A, standard and B frog projeetions There is 

the fracture phase This boy 8 years and 8 months of age had no sclerosis fracture or Itanan ng In some iimilar vary early 

been limp ng for three weeks on hiS left leg The left lemur lies 4 examples the atteeted femoral ossilicat on center was sma er 

mm farther laterad in its acetabular space than does the r ght than in the normal femur In th a pat enf seven months later flat 

femur Also the dslocation laterad is reiiecied m the overlap of lennganastieTossofiheleHlemotatheaawersmarkea 

the epiphyseal ose lieation center on the laehiom wnicn is less in 
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Fig B 579 -Early rad ographlcfndngs ncoxaparta A.$idn 
dard and B frog pos t ens mmad ataiy aliar pa ntui n ury (o me 
h p In a looiball game and onaei of r gnt $ d«d i mp The e s no 
•v denea of flatten ng or sderos a but the gnt femur s d $ oca 
ed i1 ghtly laterad lach a1 femoral d stance a t3 mm on me ghi 
and 10 mm on the left In C and 0 th ee months tater me e s $ 
no evidence of I atten ng or seieros s but n 0 the ghi femora 
head is fractured In the upper lateral quadrant and a $t p of gas 
densty ntervenes between the fragments inEandF s* months 



a e e hi emo a ep physssl oss I eat on center Is d lluseiy 
sc e o and s grt y I arened and the fracture Is dea ly vis b e 
n G and H n ne mon hs later I atten ng and tderos a el the ngM 
epohy ea ossfeaton center have ineieased and the fracture 
ne has oeen ob te ated the large rad olueent metaphyseal de* 
tec s now V s b e n both pos t ona. The fracture elea iy p eced 
ed bom anen ng and sc eros s Also the metaphyseal let on 
was not p csent n me ear er t ms of Ih s ler es 


first phase of coxa plana prior to collapse Edgren 
found submarginal radiolucent stnps which appetr lo 
be marginal fractures of the femoral epiphyseal ossi 
fication centers In 43 patients Coxa plana did not 
deselop in RatbfTs patients who had complete trau 
made separation of the femoral heads The smallness 
of the femoral ossification center suggests that the 
femoral head has been displaced at the hip for weeks 
and months before primary fracture occurs and that 
Calot was correct in his conclusions during the J920s 
that the slight dislocation is the earliest radiographic 
change in essential coxa plana. Coxa plana deselops 
frequently after prolonged treatment with adrenocor 
ti costeroids 

The radiographic findings depend on the stage of 
the disease in which the radiographic examination Is 
made The earbest or * dislocation phase is charac 
terired sometimes by smallness as well as shghi lal 
eral displacement of the femur— Waldcnstroems sfgn 
(Fig B-573X In the second or “fracture stage a 
marginal fracture Ime Is clearly sisible as well as the 
dislocation of the head in the anteromedial superior 
quadrant of the epiphyseal ossification center (Figs 
B-574 to e-578X The fracture line Is only partially sisi 


ble or IS often invisible in the standard frontal projec 
non with the femurs adducted but It Is clearly visible 
widened and elongated in the Lauenstcin or frog 
position The latter should be used regularly in all 
phases of the disease In all of our cases the early 
fracture hnc had disappeared on the second examlna 
lion made 4-12 months liter (Fig 8-579) Fhttening 
and sclerosis were absent when fricture was already 
well developed and seemed to follow the appearance 
of the fracture line in the -mterior segment of the epi 
phj seal ossification center the earlier site of the frac 
lure (Figs 6 580 and 8-5S1X 
These features appeared f rst In the same segment 
as the fractures both increased with ndvancing lime 
as the fractures disappeared We attribute the flatten 
ing to weakening of the edge of the epiphyseal ossifica 
lion center at the fracture site by simple compression 
of this weakened osslf cation center by the overlying 
acetabular roof The sclerosis was also Ipsisegmental 
svith the fracture and was characteristicaJly marginal 
during Its eariiest phase The scry earliest sclerosis 
is due we believe to local compression which crowd* 
and lightens the mesh of the opaque tponeJosa into 
a smaller space with compensatory local shrinkage 



Fig 8 S7S —Early fracture stage of essent al coxa plana of (he 
leltlerrur of a boy 10 years of age who had lirrtped and had pa n 
In the left h p tor six weeks In A standard frontat pro|ec(ion the 
left femur is displaced laterad 3 mm in its acetabular cav ty and 
the superior edge of the ep physeal ossifieat on center is slightly 


Pig 8 878 -Coxa plana in early fracture stage prior to flatten 
■ng and selerosis Thia boy 6 k years of age had been I mpmg 
on h s right leg for a few weeks In A standardproiecion the 
right femur is d slocated laterad 2 mm this is also evident in the 
greater overlap of the left femoral head and femoral neck on its 
laehium The right femoral epiphyseal ossifieat ort center >s not 
flattened or sclerotic In S frog projection a wide submargmai 


flattened In B frog posit on a submargmai radiolucenf fracture 
line exleivfs across the top of the epiphyseal oss f cation center 
atKl me superior fragment is less dense than the inferior frag 
ment Fracture here clearly precedes f attening and general aed 
sclerosis of (heepiphyseal ossif cat on center 


fracture line is seen in me anterolateral segment of the epiphy 
seal OSS f cat on center There is no metaphyseal lea on Th s is 
an example of aubstam at fracture before flattening or teleros s 
Failure of visual zat on of me fracture line in the standard projeo 
I on (A) IS also ivoiewortny The right femur progressed through 
the t^ical cyclic changes of coxa plana In the next three years 
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Fig 8 577 —Coxa plana in ea'Iy iractura stage «> th st gnt (at i on a cieaf subrnarg nal fracture i ns parallels the super or an- 

tenlngandseteross Th$g rl S /tyearsol age hadi mpedandhad leroiaterai edge ot me ep physeal oss t eal on center Its bnghi 

pa n at the r ght h p for some weeks In A, standard projeei on black dens ly suggests that there may be gas between the edges 

there IS no fracture The ep physeal oss f eat on center however o' the fracture fragments Th s is an example of segmental free 

Is d splaeed latersd 3 mm ev dent also from the ncreased over tu e pr or to flatten ng and scleros s invis ble in standard pos t on 

lapol the left femur on its isch al acetabular edge me irogpos (A) but dearly ws bie mlrpg post on fB) 


Pig 8 S78.-Easeniial coxa plana n early traeture stage w th The fracture s in the superior anterotateril segment w th I ttie or 

min mat flanen ng and scleros a A standard and 6 frog pos rto sderos s >n any part of the ep physeal oss f cation center tn 

tions made at the aame I me C frog pos I on later than B inA a bothi mstnemeiaphys sisnormat In Cine fracture line is ihert 

short fracture line Is seen under the superior lateral edgeol the ened end the antefoia*eriUuper or segment seieretc and slightly 

ep physeal ossif cat on center wh ch is si ghtiy flattened In B flattened Now mete is a sharpty out ned defect far forward in the 
the fracture I ne is longer and w der than n A dearly the spon metaphys s d reetfy under the fractured segment above m me epi 

glosa as well as the prov sionai xone of calc f eat on is broken physeal oss f eat on center {From lew s > 
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PI9 8 578 -A tnd B I Irns of a g rl 6 years of age who had 
I mped for four weeks on the r ghi sde InA standard pos 1 on 
the rght epphysea osefcaton center is small at>d dffuseiy 
scleroi 0 but there is no fracture I ne In B frog pos t on a sub 
marg nal fracture I ne is clearly vs Die n Ihe anterolate alsupe I 
or quadrant In C and D f ve months later the e s rio fracture I ite 
n e ther pos 1 on and the ep physeal oss ( eat on center has flat 


lened and become more selerot e Also a small defect Is now 
present in the vent ai segment of the metaphys s d reel y under 
the ventral segment of the ep pnyseal oss f eat on center In a I of 
ou eases the early ) aeture d sappeared as the ep physeal oss f 
eat on center flattened and became more selerot c and the meta 
physeal defect sppea ed 
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Pig 6 S80 xEarly segrnsnui snd m«rg nal jcl«'9»<$inaboy4 compr«$$on Dut net neeresia Near |be fijtienM edge of lfi« 

years of aga who had limead on tnelafi lag for three w«*hs in A, epohyseai ossiieaiori eanier a fracture Ine extertfls forward 

standard position in* left »pphyseai ossification centei »s ds and ^wn from tne summ t tntnangMhp a lorig cutyiimeif 

placed latarad but (hers Is no sclerosis or flattening in B< frog sir p of br ghi piacii density ouii nes the edges of the femoral tr 

position tne left epiphyseal ossification center rs smaller than ticuiar cartilage below it and ina acetabular ad cular piaie above 

the nght and displaced laterad The anterolateral superior lateral n This is gas m ine art euiar space and is due to the ant vacuum 

puadfint is flattened and the margins of the flattened segment eiiectfoHowingcstentonof the articular spsee by stress oi tree 
are aclerotic but the teal of the epiphyseal oss ficai on center «s ton artd twist on the right h o to obta n the ftog pos non (Couf 

normal in density We believe inis early sclerosis represents lesyofOr William MeCat ster 5i LOuis) 


Fig 8 581 -Invisible early fracture with total scieros s of the 
epiphyseal ossification center in standard pos tiers {A) and true 
segmental and marg rial sclerosis associated tvilh early segnren- 
ial fracture and flattening rn frog position JB) Th s boy 7 years of 
age had been I mping on his rigni leg for about three months in 
A the fight epiphyseal ossification center is d stocated laterad 
and appears to be diffusely and totally sclerotic A fracture rs not 
VIS ble However in B the anierosupenor segment of the ep»- 
physea! ossification center is flattened and sclerotic and a short 


Iracture hne is vi$ B'e near ITS upper edge The leierei j in the 
Irog posit on m contrast to thst in standard pos ton is mar 
g nal and confined to the anier or prolien flattened segment of 
iheepphyseat oss titalion ten'er the dorsal pari ot wh ch>s rstt 
iiaiiened or scierot e The central port on of tne ep physea) oss fi 
cat on center is not scierot c The t ims demonstrate the fa lacy of 
attempt ng to *»8luate the changes In early co«a pianj wthoui 
the frog pos t on 
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Fig B S82.-- Example of anierior segmental tnvelvement only 
relatively late in the disease and demonstration ol the advan 
tages of frog posit on This boy 3 years ol age had had pa n In the 
right h p and limped on the right s de for several weeks In A, 
standard position there is no flattening or sclerosis In B frog 
pos tion the anterior segment of the epiphyseal ossification een 



ter appears to be fragmented and is irregularly mineralised In 
contrast the dorsal segment is normal and rema ned normal 
throughout the course of the disease The les on is in the reossi 
fication stage the fragmented appearance is due to mult pie 
small OSS f cal on centers not to fracture Wthout the frog pos 
I on none ol the important features of this les on can be seen 





of the more radiolucent medullary spaces Tlic com 
preeslon does Impair the blood flow into the me<luUar> 
space of the ossification center because ii increases 
resistance to arterial inflow Total sclerosis of the 
epiphyseal ossification center is rare and in more 
than 8?e of cases a dorsal segment of variable sue per 
*ist8 unaffected throughout the disease (Fig &-S82) 
Among 25 cases O Cara found 20 In which destnic 
tlon was limited to the anterior part of the epiphyseal 
ossification center 5 in which the enure center dis 
appeared and none in which the posterior segment 
only was affected 

Intraepiphj/jeo/ gas was demonstrated in several 
cases early but only in association with the pnmary 
uacture and directly peripheral to it (Figs 8 583 and 
8-584) The gas Is visible only In the frog position and 
of course only in the affected femur it Is confined 
stnctly to the segment of the fracture and flattening 
It appears to fill a space between the edges of the 
overlying cartilage and ihe broken edge of ibe epiphys 
eal ossification center which normally are in direct 
rontact with each other The space is due to separa 
non of the two edges and appears to be Lmiied lo the 
of compression and fracture of the edge of 
the center In some cases gas was also visible deeper 
In the ossification center between the faces of the 
fracture fragments Tlie sudden stretch and Iwjsi 
applied to the hip where the legs arc pheed in frog 
position suddenly dilate this space of sepirailon and 
as the space dilates the interspace pressure is re 
duced and gas Is instantly sucked Into the expinding 
space and prevents a vacuum. It is probable that 
Water vapor oxygen nitrogen and carbon d oxide 
make up the gaseous content This is the same suck 
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Ini! anmacuum mechmism »l,ich r.lls the articular 
spaces It the h.ps and shoulders tthen these iolnis 
are suddenly strclched dunni: ihelr posltlonlnc for 

radiopraphic cxamlnailon (tee Figs 8-8S1 to 8-853) 
illeloplipteal defect, arc al.tajs radloluetnl In 
contrast to the sclerosis In the nrlshbonne epiphyseal 
rasilication renrer (Flss 8-585 lo 8 587) In punch 
biopsies front ttro patients Ponsell found lint these 
radiolucent mclaphyseal Iniaces ttete ctsl by masses 
of uncalcificd canllasc enchondtomts We hate 
found radioKcaphlcally that they replace Ihe more 
optque cancellous bone and Ibe superior sestnrni of 
me more optriue tenlnl cortical wall of the femur 
Tbe> ate neatly tl»a)s localed well fonyard in the 
mrlaphysls directly under ihc alle of matimtl com 
pressloti and fracture of ihe epiph)seil ossif.caiion 
center Ponsell concluded lhal they muil be detited 

(Tg S 58S Metaphyseal de act o co.a plana Th a boy 5 , 
£57o°h mi lif .rr’ SHOIII l« es iwohiha In A. ,l,nO, a 
pos t on me teit ep physeai oss f esi on eenier i< i ...e< 

at'ot. y acl, our Tn, mwr ar na I ol 

SO oiuwnt patch in B (roj pos i on the se'e ot c ep ph. 
seal «s I eat on eentet is fia tened to a sharp eno e anter o tv 
and fs ventfat eoje is nsushened and probably crumpled D rec? 

Ct the ep phys»ai OSS f ca 
inti r ,4 T* s s a rad 0 ueent patch wh eh s now 
w iln? . ^ a reciiy off the cat age p ate Th % met} si 

clifTni/a. f t'” a?,*** * oma made up of rad pij 

hfUrt nats' 1 has not been resorbed and has 

hypert oph^d in both pro/eet pns the lemur s d s oeaied tsterad 


n tsecetsbuarci 
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Fig 8 686 -Coxa plana In the late stage of flattening and li 
brous replacement w th double metaphyseal lesions Th s boy 5 
years of age began to limp only 24 hours before ths Mm was 
made a though the rad ograph e changes suggest that the dis 
ease has been present in the right femur tor many months The 
right epiphyseal ossification center Is t attened and irregularly 
sclerotic The cart lage space of the jo nt Is increased Two large 
radolueent patches extend caudad direct y off the cartilage 
plate deeply into the metaphysis The femoral neck is widened 
and the right femur d slocated laterad in Its ecetabuium (Wa den 
atroem a sign) The acetabular roof is roughened 

from the prolifeiatmg cartilage of the epiphysis He 
also found fibnllattons in the cartilage plate itself It 
seems reasonable to conclude chat (he compressing 
force IS transmitted through the anterior segment of 
the weakened fibnllated cartUage plate where it dis 
rupts the normal mechanism of endochondral bone 
formation and permits islands and tongues of uncal 
cifled cartilage which normally would die and be re- 
sorbed to persist and to be displaced and grow cau 
dad into the metaphyseal levels of the medullary cav 
ity where they proliferate to produce suable encbon 


dromas which we see as radiolucent patches The 
defecu last for several months or years In one of our 
patients a substantial radiolucent metaphyseal de- 
fect was still visible 19 years after the active disease 
had subsided 

The later cychc changes which foUotv the first 
phases of slight dislocation and segmental fracture 
present one of the most diagnostic senal radiographic 
patterns of all diseases m the gro ving skeleton (Fig 
8 588) Although the early fracture disappears com 
pletely after a few months the early lateral disloca 
turn may persist for months or years The cartilage 
plate usually increases m thickness while the flatten 
ing and sclerosis are extending from the original an 
terolateral quadrant and sclerosis may appear to be 
total tn standard frontal projections However frog 
projections show that the dorsal part of the epiphys 
eal ossification center is usually spared and need not 
become sclerotic or flattened even durmg the latest 
phase (see Fig 8 582) As the center flattens progres 
slvely sclerotic bone Is replaced by radiolucent 
fibrous tissue (fibrous replacement) which then be- 
gins to ossify from several foci These new bony foci 
enlarge and fuse until the entire epiphyseal ossifica 
uon center is completely reconstituted with normal 
spongy bone This complete healmg occurs in untreat 
ed as well as treated panents and regardless of the 
type or degree of deformity The complete cycle of 
lateral displacement fracture necrotic compression 
destruction 'fibrous replacement and reosslflcadon 
consumes three to five years As the neck of the fe- 
mur thickens it forms a larger base (coxa lata) with 
which the ossification center must fuse later so in 
compensation the center itself widens into a larger 
epiphyseal ossification center called coxa magna. 
lius enlarged flattened femoral head is often much 
loo large for its acetabular cavity and this misfit 
causes compression molding and enlargement of the 
acetabular cavity Stress changes of sclerosis irregu 
lar minerabzahon and eversion of the acetabular rim 


Fla 8 587 —Double metapfiyseal Oefeet one ventral and one 
dorsal Th s boy S years ot age had I mped (or about two months 
In A, standard position the epphyseal ossidcalon Is flattened 
and irregularly sclerotic A large radiolucent defect wupies a 
large part of the metaphyss and extends far caudad Iron. ^ 
cart laqe plate almost to the inlertroehanterie I ne In B fr^ po 
ston the epphyseal — ‘ '* '' 


i fication center is Irregularly sclerolK: 


and flattened (t$ anterior segment is flattened to a sharp po ril 
and a Iractura I ne is visible just under the upper edge A sharply 
delned radoucent detect Is located in the very ventral end of 
the melaphys s (arrewa) and d reetly under the most seve e flat 
terung (compression) In addition a wde and deep radiolucent 
patch (arrows) occupier *' 


3$ the whole dorsal metaphyseal segment 
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Fig 8 588 — Ths tsoy ^ad and had pan n the f ght 

knee for about 4 months In A, 8 months alter onset I atten ng d 
the ep physeal oss f cat on center is ma ked and ts mcd a ano 
lateral parts are rad olucent because they a e be ng rep aced &y 
rad elueent vascular f brous tssua Themetaphyss s no ma' m 
B, t8 months aher onset a rad o ucent patch s «v dent n the 
metaphys a farrows) d ractly below the cart lage p a e The mo t 


p e bony patches o< the epiphyseal oss l>cst on center are made 
up o> es dual sh'rds of sc erot e bone and new bony certtem 
wh eft nd cate beg nn ng reoss * cat on In C. 56 months a ter 
onset a a ge ad elueent patch is st lev dent n thameisehys i 
the neck has w dened p ogress ve'y s nee A ano the f attened 
ep pnysea oss < cat on center is completely hes cd and w daned 
to > t onto the w dsned neck The acetabular eav ty is enlarged 


Fig 8 $89 - Perthes eoaa plana in a boy 6 years of age in A 
standard lateral project on the ep physeal oss I cat on cente a 
flattened and reduced to two smalt fragrnenis n the late stage 
of f brous replacement In 6 lateral protect on after ojectonot 
opaque contrast egent the jont apace s we loutined and snows 
that the cart lag nous head has a smooth edge and s epp oa 
matety hem spher cal w th no ev dence of t anen ng ot >ts edge 
or deform ty of the cart lag nous pan of the femoral head On y 
th# ep physeal oss f cat on center Is abnormal n the » rst phase* 
of essental coxa plana. 



may also become visible at the same time Mean 
white in the metaphysis radiolucent patches or moro 
lommonly a single patch may appear two to three 
months after the original fracture phase eharacterts 
Ucally adjacent to the canilage plate This small de- 
fect may continue to grow to substantial site nnd 
sometimes It becomes separated from the cartilage 
plate by a narrow tone of normal spongy bone The 
metaphyseal defects may disappear after a few 
months or may persist for many years After complete 
healini; abnormal stresses on the deformed femur 
may produce coxa sara deformity in the neck and 

mushrooming of the femoral head onto the neck 
Opaque anhrograms show that the cartlliginous 
head is not flattened even when the ossification cen 
ter Is in the laic stage of flattening and fibrous re- 
placement (Fig 8 589) 

ne have observed one patient who had clinical 
signs of Perthes disease whose femoral ossification 
center had a submarginal fracture in Its superior lat 
era] quadrant The fracture was howeser dorsad In 
stead of in the usual scnerai portion. For two years 
the fracture line pcrsisied but flattening and sclero- 
sis of the head did not develop and metaphyseal le- 
sions did not appear (Fir S-SDO) This stress marginal 
fracture would probably hate been called osteoehon 
drosK dissecans under the old classification had It 
been located in the margin of the diital femoral os<i 
ficatlon center The findings in this patient succest 
that fracture in the ventral ponion the epiphyseal os- 
sification center Is essential for progresvlie develop- 
ment of flattening and sclerosis 

Meyer* dyipfatiu of It e fevtomt head (llg 8-5')!) 
simulates necrotic coxa plana in some of it* features 
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FIs 8 S90 -Laleral ma g nal fractu e oi the «pphys«alos$t 
eifton center of th» Itli lemur cleb-sy? lyeeeel eg« (A ana 
C) The fractu e i na pera sled (o two yea s (B and O) w thout 
development cl I alien ng and scleros a of tne femoral head and 
other standa d p ogress ve comp ealons of Perthes dsease 


The I adure fragment is in the do sal segment of the ep pnyseal 
etsJeaion center rathe than In the utual ante o poscon, 
wh ch suggests that the ventrodorsal pos i on of the f aeture s 
mponant an p ognos s 
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and has led to senous overdiagnosis of necrouc coxa 
plwa or Perthes disease Meyer estimated that 10 
of ms cases of coxa plana were of the d>$phstic type 
rather than the true necronc tjTie As m Perthes dis 
sl^^Ietal maturation is retarded m all parts of 
the skeleton Clinical signs are usually mild or absent 
according to Meyer in all of our cases the radiograph 
Ic changes were found by chance in paaents who had 
no signs or symptoms in the hips In Meyers dyspla 
sia, femoral bony nuclei appear late and are small 
snd granular at about 2 years of age Tlic senal bony 
changes improve with advancing age and finally dis 
appear after three to four years At the beginning the 
femoral epiphyseal osslficauon center is made up of 
several independent bony foci rather than a single 
normal large ossification center The granular centers 
gradually grow and coalesce into larger centers and 
finally fuse into a single slightly flattened center The 
epiphyseal ossification center is never sclerotic al 
though false sclerosis may be produced by supenm 
^sition of two or more centers which are of normal 
density In contrast in Perthes necrotic coxa plana a 
normal displaced femoral bony nucleus deteriorates 
due to fracture flattening necrosis and fbrous re- 
placement and may be completely destroyed dunng 
the first two years to be followed by permanent thick 
Pnlng of the femoral neck coxam'igna coxavaraand 
mushrooming of the femoral head The only residual 
in Meyer s dy splasla is slight or moderate coxa plana 
in which the epiphyseal ossification center is of nor 


mil density and texture In Meyer s discnse therels no 
dislocation of the femur and no metaphyseal defect 
also 42^ of the cases are bilateral In contrast to the 
usual IO<T in Perthes coxa plana The dysplasia be- 
gins during the 2nd year of life and usually has dis- 
appeared by the end of the Cth year Tlic course of 
Meyer s dysplasia is destined from the outset for pro- 
gressive improvement and complete healing without 
residuals The course of Perthes disease In contrast 
IS destined from the outset to progression through 
vtnable degrees of fracture flattening necrosis 
fibrous replacement and complete teosslf cation with 
residual deformities of various types and degrees 
Meyers dysplasia needs no treatment Perthes 
disease could beneft from treatment but In too many 
cases treatment docs not modify the course of the 
lesions significantly Of Meyers cases Gof30(20'") 
converted from benign dysplasia to necrotic coxa 
plana (Perthes disease) 

In our expcnence Meyer s lesion has usually been 
discovered by chance in patients who had no signs or 
symptoms at the hips but whose hips were Included 
in exposures during such examinations as barium 
enemas excretory urograms or films of the abdomen 
or pelvis (Fig 8-592). 

The Improved visuallratlon of the early fracture 
line achieved by slightly Increasing the degree cf 
abduction and external rotation of the femurs It 
shown in Figure 8-593 In one of our patients who had 
Infantile osteomyelitis of the femur and pyarihrosU 




Pig 8 892 «U«yer $ dysplas a of the left femoral ep physeal 
otsiUcetien center Trtis boy at 80 rtonifis el age devefopeC pa n 
and d stention of the abdomen He had had a pos live ak n reac 
t on to tuberculin early and the f rat film (A) at 60 months was 
made in search for calcify ng tuberculous lymph rrodes The left 
femoral ep physeal oas f cat on center is small flattened and ir 
Fig 8 593 —Early marginal subchondral fracture in the scle- 
rotic dead head wh ch is just beginning to flatten The fracture ■$ 
much better seen w th the femur In the abducted externally ro 


regular in density In B at 65 monins and C at 86 months the 
left epiphyseal ossi/caton center it tmi liatitn^ but hit re- 
ga ned normal density end texture Five years later he was nor 
mat clinically and h s h ps were normal rad ograpn cally He was 
not treated tor coxa plana 


laled posit on (B) Th s boy 8 years of age had been I mping for 
only one week These early fractures a ways d sappear early and 
are never seen m the late phases 

1 
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F[g 8 S94 -Acqu r«d coxs plana and coxa vara secondary to 
acuta ataprtylocoecal osta l s of the femur and acute pyadhros s 
cf the h p w th pathoiog e d sloeat on A at t2 months of age 
aeven weeks after onset of pa n n left leg and h p and fever A 
deep segment of the femoral metaphys s $ dest oyed the oss f 
cat on center sclerosed and the femur dsioealed iaterao wth 
nvolucrum already ev dent on the late al corl cal wa i 8 at 13 
months the sclerot c center Is shrunken and f agmenied the 
deep metaphyseal detect pers sis and nvo ucrum s aga n v s hie 
C, at 14 months the ep physeal oss t cat on center has d sap 


pea ed and the metaphyseal defect a cios ng D al 23 months 
the femo al center sstiiinvsbie the metaphysea defect svs 
b e but the va us defo m ty s beg nn ng to appear w th w den ng 
of the femo ai rreck E, et 31 months the ep physeal oss f cat on 
ceme $ reoss ^ rtg from th ee foe end the varus defo m ty has 
nc eased F et 43 months the femo al center s g anular and 
flattened and the end of the femoral shaft s w dened med ad 
Coxa p ana end coxa vara are now clea ly ev dent The femoral 
oss leal on cente d sappea ed and remaned Invsbie for 11 
months then eoss f ed n flattened fo m 


of the hip the senal radiographic changes simulated 
some of the senal changes in Perthes coxa plana 
CFig 8-594) 
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Fig 8 596 — Th s g ri 4 years of age had been I mp ng lo s x 
weeks after hurl ng the left toot The left tarsal scaphod s loo 
small too flat and rregularly sclerot c nths patent the affect 
ed tarsal scapho d s on the same s de as the niury trv a s ng e 
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Stress compression (focal scler(Jsis> of the tarsal 
scaphoid (Koehlers disease) was first descnbed 6y 
Koehler in 1908 two years before the original descnp- 
bon of coxa plana. One of his three patients had re- 
tarded skeletal maturation. Progressive destnicbve 
Koehler s disease in which the tarsal scaphoid is 
normal m the begmmng then progresses through a 
cycle of flattening sclerosis fibrous replacement and 
reossification analogous to that in coxa plana is ex 
ceedingly rare (Fig 8 595) I have encountered but a 
smgle example m radiographs in over 40 years A bmp 
is usually the first climcal sign followed by local pain 
and tenderness and sometimes swelling in the mid 
tarsal region Complete heabng is inevitable and oc 
curs m all patients without residual deformity of the 
tarsal scaphoid or residual disabihty Treatment does 
not modify the course although if may relieve severe 
pain which is also rare Both treated and untreated 
patients recover completely without residuals 
The rare destructive necrotic Koehler s disease 
descnbed above is often simulated radiographically 
by purely developmental dysplastic changes in the 
tarsal scaphoid which mclude late appearance lime 
for the bony nucleus slow growth smallness flatness 
and irregular sclerosis (Figs 8 596 to 8 598) In the 
dysplastic type the scaphoid is abnormal from the 



exam nat on one cannot be sure whethe th s represents a 
chance f nd ng of developmental dysplas a of the tarsal scapho d 
(Ka p 8 dysplas a) or traumat c necrot c les on of Koehler s d s 


very start and always improves with advancing age 
Radiographic changes are unrelated to the seventy 
and duration of the chnical manifestations In pa 
tients with bmp and pain of a few days or hours the 
radiographic changes may be marked and may seem 
to have been present for many weeks or months Se- 

Fig e $97 -Ths boy 5’. years of age twsted one anke (A) a 
tew days befo e th s f im was made In the foot that was not tw st 
ed <B the scapho d s loo small loo flat aclerot c and irregularly 
OSS > ed Presence of ihe scapho d les on n the foot wh eh was 
no ma c n ca y suggests that il could represent the deve op 
menta dysplas a (Karp) rathe than t aumat e neeros s of Koeh 
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Fig 8 598 -This boy 8 years of age tw sted h s right ankle sn 
hours before this f Im was exposed Both tarsat scaphoids are 
too small too flat and irregularly selerot c It is unlikely that the 
recent trauma was the cause in view of the brief dural on and the 


changes in both scapho ds History and rad ographic f nd ngs 
suggest that the bilateral lesions in the naviculars represent 
Karps developmental dysplasa rather than Koehlers traumatic 


vere dysplastic radiographic changes may Eie present 
in one or both of the tarsal scaphoids m the absence 
of cbnical signs and are often found in the foot con 
tralateral to an injury, or unexpectedly when the feet 
are examined radiographically in skeletal surveys for 
generalized disease The course of these dysplastic 
lesions found most frequently by chance is always in 
the direction of improvement regardless of treat 
ment until the tarsal scaphoid achieves normal sue 
shape and density Normality is usually attained two 
to three years after the ftrst radiographic examlna 
Qon 

This developmental type of deformity and sclerosis 

Pig 8 5 SS -Probable Osgood Schlatter inlury prior to ossifi 
cation of the anterior process of the left t o a of e g ri 6 years of 
age The prelibiaf soft t ssues and caudal end of the patellar liga 
ment are tniekened Local pa n and swelling followed injury to 


(Karps dysplasia) of the tarsal scaphoid was fully 
appreaated by Karp in his radiographic study of the 
feet of 50 children (25 girls) examined every six 
months between the ages of 9 and 54 months He 
found the average age of appearance of ossificanon to 
be 18-24 months in girls and 24-30 months m boys 
The bony nucleus of the tarsal scaphoid was frequent 
ly small flat irregular and sclerotic in healthy chil 
dren, especially m boys in whom the scaphoid ossifica 
don appeared late Waugh confirmed most of Karp s 
findings In his panents the degree of deformity and 
irregularity vaned considerably and the most severe 
changes simulated those in Koehler’s disease Waugh 

ttw left knee several days before this study It is pose ble that 
swell ng of the tnfenor infrapatelisr bursa contributes to thicken- 
ing of the pret b ai soft tissues 




Fig 8 600 -Injury to the t bial tubercle (Osgood Schlatter d $ 
ease) in a boy 12 years of age A fragment of the tib al process s 
I fted off the shaft and the overlying soft t ssues are swo ten 
Tracing of a roentgenogram 


found slow growth and irregular ossihcauon in the 
tarsal scaphoid ui 30% of his normal boys and 20% of 
normal girls 

The high incidence of slow growth and irregular 
ossification m children who appear to be normal 
otherwise makes it obvious that the radiographic di 
agnosis of Koehler's traumatic destructive disease 
can be made satisfactorily only in senal examinations 
in which progressive destruction is demonstrated 
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Osgood Schlatter lesion (trauma to the soft f issues 
ot the Ubial tubercle) —This condition is character 
ized by local pain tenderness and swelling over the 
tibial tubercle with bmp and disability in running or 
cbmbing stairs It is met with most frequently in chil 
dren between 10 and 15 years particularly in active 
boys who participate in rugged sports The roentgen 
signs include fragmentation and displacement of the 
fragments away from the shaft ivith swelbng of the 
overlying soft tissues (Figs 8 599 to 8-602) The diag 
nosis should not be based on mere irregularity in 
density of the tibial tubercle, this is a common physi 
ologic variant and is present m a wide variety of pat 
terns in considerably more than half of asymptomatic 
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adolescent children (see Fig 8 187) There are often 
marked discrepancies m the pattern of nunerahzation 
of the two tibial tubercles of a single asymptomatic 
child 

Hughes beheved that the primary lesion is a partial 
traumatic separation of the ligamentum patellae 
from the tibial tubercle (Fig 8 603) rather than direct 
uyury and necrosis of the tubercle itself This concept 
is based on the practically constant early roentgen 
demonstration of soft tissue sweUing of the tibial 
tubercle and thickenmg of the hgamentum patellae, 
with later roentgen demonstration of ossification in 
the distal end above the hgamentum patellae Disten 
tion of the inferior mfrapateUar bursa between the 
tibia and patellar tendon may also be a m^or source 
of local thickenmg of the soft tissues Rapp and Laz 
erte found neither bone necrosis nor degeneration 
microscopically m 19 specimens taken from 17 pa 
dents who had clinical and radiographic Osgood 
Schlatter disease They did find progressive avulsion 
of a small fragment of the bony apophysis of the tibi 
al tubercle which they attributed to rapid increase m 
linear growth and accidental injury to the patellar 
tendon 

These and other studies indicate that the primary 
Osgood Schlatter lesion is simple local fracture of the 
anterior ubial process and injury to the soft tissues at 
the site of insertion of the patellar tendon into the tib> 


Fig 8 801 -Osgood Schlatter les on in e boy 13 years of age 
one day after injury to the left knee An avulsed fragment of the 
I biat tubercle lies loose in the swollen soft tissues in front of the 
enter or ibial process Its presence one day after injury Indi 
cates that it ■$ a fracture fragment not haterotopie bone in the 
swollen paieiiartendon A.rgnt andB, left knee 




ng 8 602 OeH) -Osgood Schlatter in Ufy n a boy 13 years ol flg 8 603 (right) -Osgood Schlatter n ory In a g r1 ISyears of 
age who hurt h s knee a month before The base of the pate lar age A no mai r ght knee B left knee w haemal mass o' bone 

tendon s th ekened and a small Independent part cte of bone < e$ at the base of the pate la tendon Th s appea s to be a mass o' 

n f ont of a depress on n the vent ai edge of the ante or t b at ectop e dv»lasi c bone n the pate a tendon not a fracture 

process from wh eh t was p obably avu sed one month ago fragment of the ante or i b a p oeess wh eh a niaet 

(logo tron cteehnc) 

la dunng rapid growth with heterotopic bone for Traumatic avulsion of otsificationcenteri is oca 
mation in the tendon At biopsy in many cases simple ssonally seen at tbe lesser trochanter of the femur 

low grade tendonitis of the patellar tendon has been (Fig 8 604) and at the apophysis of the ischium The 

found with heterotopic bone formation in the in former usually follows heavy stress on the iliopsoas 

flamed tendon The climcal signs of this lesion usuaUy muscle and tendon the latter foUows sharp contrac 

develop without known precedent trauma. non of the hamstrings dunng Jumpmg 
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Fig 6 604 Fragmentat on and avuls on of the lesse t ochan local pa n but surp s ng y I tt e d sab ty for 10 days s nee he 
ter of the femur (a rows) n a boy 15 yea $ ol age who had had irsteirpe encedthepanafte kckngasoccerbal 
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Fig 8 605 — Th s boy never had symptoms or s gns 
n the feet or ankles A at 6 years of age both 
scapho ds and both med at cune forms are small 
sc wot « and irregularly OSS fed 8 at 8 years and 
w tfioot t eatment all four bones are normal The 
et n cal facts suggest that the les ons at age 6 
represent slow and rregular developmental dysp as a 
rather than traumat c necros s 


cuneifonn may show smallness deformity and scle 
rosls when the tarsal scaphoids are similarly aifected 
(Fig &-605) We have also found the cuneiform 
changes only In asymptomatic pauents without in 
volvement of the tarsal scaphoids (Fig S-COG) in all 
of our patients the cuneiform changes have disap- 
peared without treatment over a penod of two to 
three years The radiographic and clinical findings 
suggest that the changes in the cuneiforms are devel 
opmental and dySplasuc m ongm rather than trau 
mane and necrotic 

Stress compression (focal sclerosis) of the heads 
of the talus bones is exceedingly rare We hase seen 
but one case in which the patient was asymplomauc 
and we ha\ e classified it as a possible normal variant 
(see Fig 8-154) 

Stress compression (focal sclerosis) of the apoph 


jsts of the calcaneus (Sever s disease) from a radi 
ographic standpoint appears now to be a medical 
myth From its first appearance In childhood to fusion 
time after adolescence the calcaneal apophysis is 
consistently and difihsely sclerotic with irregular 
margins and usually some radiolucent fissures 
(synchondroses) which divide this ossification center 
into several parts and radiate to its margins Smee 
this IS true in all healthy children it is true in all chil 
dren who have painful heels. The diagnosis of de- 
struction of the calcaneal apophysis therefore should 
never be made on the normal findings of sclerosis 
irregular edges and fissuration (see Figs 8-136 and 
8-140) 
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Stress compression of the proximal end of the U 
bia (Blounts tibia vara) is a local disturbance of 
growth of the medial and dorsal segments of the piox 
imal tibial metaphysis, epiphysis and epiphyseal ossi 
fication center The changes may appear at any time 
between the 1st and 12th year When the changes 
appeared m infancy, Blount identified them as the 
infantile type, when they appeared after the sixth 
year, he classified them as the adolescent type The 
infantile type is sue to eight times as frequent as the 
adolescent Only 2 of Blount's 19 patients were 
males, in other senes, however, the males have pre- 
dominated The cardinal clinical sign in all cases is 
the unilateral or bilateral bowing of the legs In most 
cases of tibia vara, the physiologic bowed leg of in 
fants, a normal residual of normal fetal position, in 
creases with advancing age and mstead of disap- 
pearmg progressively to a straight leg or shght nor 
mal knock knee in girls, converts into severe tibia 
vara without evident cause In bilateral bowing, the 
deformity on one side may disappear spontaneously 
Limp IS the pnncipal clinical manifestation, but wad 
die is the rule with bilateral involvement Pams in the 
ipsilateral knee, anWe or foot may develop due to lo- 
cal stresses and strains In tibia vara, the nbia is bent 
abruptly mediad and caudad at the proximal meta 
physeal level, in contrast to the shilow bowing of 


FI9 8 60? n<n} -Blounts tba vira m a girl ?■/> years ol age 
who had prenouneed lateral bowing ol the led leg In A, Ironial 
project on the med al end ol the t b al ossil cat on center is flat 
tened into a slope in place of tne normal convex curve at this 
alia This IS hypoplasia of the medial segment of the bony r>o 
eleus rather than destruction by ischemic neerost The mela 
phys s la widened medud by a broad honiomat spur which Is 
roughened on ita med al edge where tne previously bony lermin 
a) segment of the spur has been replaced by a radioiocertt etfd 
fled cartilage The lateral cortical wad la not bent at the level 01 
the medial wall In B lateral projection spurs project oorsed 

from the dorsal walls ol the femoral and tibiai shafts 

Rg 8 608 (right) -Tibia valga In A, frontal projaction thelal 


the enore Obia m physiologic bowed leg This abrupt 
angulation of the medial cortical wall although clear 
If visible radiographically, is difficult to identify on 
the physical exammation, especially in children with 
fat legs However, the medial swellmg of the tibia 
may be palpable In Blount’s patients internal rota 
tion of the tibia, genu recurvatum and flatfoot were 
consistent associated findings In testmg for stability 
of the affected knee, Blount found excessive mobility 
on medial strain and normal mobihty on lateral 
strain Rarely, the joint swells from intra articular 
effusion, which is painful In older patients, shorten 
ing of the ipsilateral shank is common 
The causal agent is not known, but it must be local 
in origin The most reasonable explanation seems to 
be either primary weakness of the lateral supporting 
structures of the knee or secondary weakness due to 
chronic appheabon of excessive stress on the normal 
suppomng structures dunng too early walking and 
weight bearing These factors increase the mobility at 
the knee, of the Qbia on the femur, which results in 
the Qbia meeting femoral condyles obliquely and m a 
shift laterad when the force of weight bearmg is ap- 
pbed The lateral tibial shift overloads the mediodor 
sal segment of the bbia and bends it mediad and cau 
dad, which eventually forms a large and often booked 
spur The cartilage plate is also bent caudad in its 

•rsl end of the lemoril oss liest on esntsr is cut oil by s alraight 
longiiudmai plane in place of the normally convex rounded eon 
tour The laterei segment ol the mctaphys« la bent caudad into a 
lateral spur In B, lateral project on spurs project dorsad from 
the dorsal walls of the femur and the lib a This boy 2 years of 
age was normal at b rth but developed knock knee which be- 
came aeceniuated alter he sianed to walk Tib a valga Is the eon 
verse ol tibia vara and develops in the posterolateral segment of 
the (ibie because the weak supporting structures on the lateral 
Side of the khee perm 1 the tibia to shift mediad on the femoral 
condyles and the laietal segment ot the t bis is overloaded dur 
ing walking and weight bearing 
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Fig 8 609 -Shsrp bend ng of triemed al segment o> iheiD at egged on the rghtsde Thest a ght r ght eon cal wall of the t 
metaphys s caudad and med ad in t b a vara The medal segment ta s noteworthy B satraengofA 1 med ally bowed shaft 2 

of the t b at oss t cat on center has followed the metaphya $ cau and 3 med a y and eaudaliy bent t b al oss f eat on center and 

dad The med al lemoral condyle la hypertrcph ed n compensa t> a metaphyv s 4 t egula oss f cat on and early elosu e of the 

ton for the t b al deform ty Th a g rl 10 years of age was bow med a segmemoftne bent cart ag nous plate 


Fig 8 610 -B lateral Blounts t b a vara in A at to months ua ma g ns and the r term nal segments have been replaced by 
b laterally aymmetr cal sharp eauda ly hooked apurs extend me> rad oiuceni uncalc I ed can lage The can lag nous replacement 

d ad off th# med al fnelaphyaes S m lar but less ma aed spurs ot bone n the t ps of the spurs s secondspy and fo lows spur 

extend med ad and cephalad ofl ths med ai metaphyses of the lo mat on 
femurs In B at 26 months the ends of the spurs now have reg 
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medial segment which changes the plane of growth 
ftam the normal longitudinal to obbque longitudinal 
With further growth the proximal end of the ubia 
becomes progressively shorter m its medial dorsal 
segment The beaklike spur which projects mediad 
from the metaphysis represents overgrowth at right 
angles to the principal stress planes Microscopic 
examinations have shown no evidence of iscbenuc 
necrosis The loss of bone at the tip and in the body of 
the medial spur is due to replacement of spongy and 
cortical bone by radiolucent uncalcified cartilage 
which results from irregular advance of the cartilage 
in endochondral bone fonnation-a true dysplasia 
followed by hypertrophy of islands of uncalcified car 
tilage but without necrosis The ectopic masses of 
uncalcified cartilage in the metaphysis in Blount s 
nbia vara ate analogous m both nature and pathogen 
esis to the metaphyseal enchondromas m Legg 
Perthes coxa plana. 

The radiographic findings in the fuUy developed le- 
sions are diagnostic in themselves The most difficult 
diagnostic problem is to distinguish the conversion 
from physiologic bowed legs to tibia vara in the 
younger pauents Often this is impossible in a single 
film but can be clearly seen In serial exammatwns 
The principal distinction is the abrupt angulation 
mediad of the medial cortical wall with a straight lat 
era! cortical wall in Blount s tibia vara in contrast lo 
the gradual curve of both medial and Uteral comcal 
walls in physiologic bowed legs Also the apw of the 
angulauon is near the proximal metaphysis of theulv 
la in tibia vara the apex of the bend is much farther 
distal in the middle thud of the bone m physiologic 


bowing The epiphyseal changes are not well de 
veloped in young patients 

Typical radiographic changes in the infantile type 
are shown m Figures 8-607 to 8-613 Reversed tibia 
vara or Qbia valga is portrayed m Figure 8 608 this 
patient had knock knees In Figure 8 609 the medial 
segment of the tibial metaphysis is bent caudad The 
end of the medial beak is replaced by uncalcified car 
tilage between 18 and 26 months of age in Figure 8- 
610 Tibia vara and femur vara of rachidc ongln axe 
shown in Figure 8-61 1 Involvement of the femurs as 
well as the nbia is depicted in Figure 8-612 In the 
patient of Langenskiold and Riska the lesion prog 
ressed from physiologic bowing to tibia vara 
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Stress sclerosis of the patella is difficult to identify 
loenigenographically owing to the normal irregular 
mineralization of the patella during all phases of its 
growth (see Figs 8 202 and 8-203) and the normal 
differences m size and density of the two patellas m 
asymptomatic children The patella may of course be 
the site of destructive disease and it is claimed that 
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Fig 8 61S —Irregular mineralizat or> ot (he dorsal edge ol the 
right patella of a boy tS years of age who had had pa rt in the 
right knee for several weeks The arrow Is directed at the irregu 
larlyiriineralized dorsal edge ol the right patella The dorsal edge 
of the left patella is in contrast smooth At sa’pieal expicrawn 
and on mieroseopie examination isehemc neeross was fourtd 
on the dorsal edge of the r ght pate la 


the destruction may be osteochondnQo in nature- 
ischenuc necrosis Osteochondrosis of the primary 
patellar center was described by Koehler in 1906 os 
teochondiosis of the secondary patellar centers has 
been known as Sindins Larsen disease since 1921 
We are of the opinion that the diagnosis of osteochon 
drosis of the patella is made altogether too often by 
roentgenologists We reserve this diagnosis to cases m 
which the patella is sclerotic in association with ap* 
propnate clinical signs (Fig 8 614) In most cases of 
supposed roentgen patellar osteochondrosis the roent 
gen eflanges artr eircraAV' nranlwf oit »*Aw ftny s-iyAnr 


when the chmcal signs are limited to one side This 
w« true in the two cases reported by Sinding Larsen 
We have seen two examples of irregular mtneralt 
xation of the dorsal edge of the patella (Fig 8-615) 
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Stress sclerosis of the ossification center tn the 
proximal ttbtal epiphysis following a crush injury 
was reported by Siffert and Arkin m 1950 This is said 
to be the first recorded example of this lesion I have 
seen a similar case through the courtesy of Dr Ber 
tram R Girdany at the Children s Hospital Pitts 
burgh 

Stress fracture and sclerosis of the intercondylar 
spines of the proximal tibial epiphysis (Fig 8 616) 
Is another example of fracture on the edge of an 
epiphyseal ossification center asscaated with scle- 
rosis which has not been previously recorded 
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OsteocfiORdrosis of the capitellum of the humerus 
(Fanners disease) is a rare lesion usually encoun 
cered in boys between the ages of 6 and 16 years 
Klein 8 patient was however a girl who had local 
pain and radiographic changes at 2 years of age Clin 
ical manifestations are usu^y mild and hmited they 
include vague local persistent pain in the affected 
elbow and moderate limitation of movement Radi 
ographically the capitellum is diffusely sclerotic with 
a radinWAWt stjrp .vert tc s Aballnw 
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Fig S 617 - Fanners osteochond os s juven 1 s ot the cap te 
lum of the humerus at a boy tO years of age who had had local 
pa n and moderate I m tat on of mot on at the leH e bow to three 
months In A riormal r ght e bow in frontal proiect on the cap 
tellum Is smooth and of un form dens ty Ir^ B the affected el 

sclerotic shell of bone (Fig 8 617) The radiographic 
findings have been stinilai in all patients with a simi 
lar course of progressive changes Flattening and 
massive destruction of the capicellum are rare radi 
ogiaphic evidence of complete healing is the rule 
without residual deformitj or disability Complete 
healing occurs vnthout elaborate treatment 
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Osteochondrosis of the radial head is said lo have 
been first observed by Brailsford in 1935 It has the 
same radiographic elements as the other ostcochon 
dioses— fragmentation sclerosis and shrinkage of the 
affected center with clmical and radiographic recov 
®ry after two to three years Coxa plana may be asso- 
ciated 
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AIisceHaneous/ocaJ aseptic necroses —Space does 
not permit description of all of the different sites of 
aseptic necrosis depicted m Figure S 570 In such 
bones as the patella pisiform antenor tibial process 
femoral trochanters cuneiforms ischiopubic syn 
chondrosis and the calcaneal apophysis where physi 
®logic irregular mineralization is an almost constant 



olbonetu ounds tbe cap tellum beneath wh eh there saeom 
pan on rone of d m n shed dens ty (Courtesy of Dr Paul R Mig 
g gan Sa I Lake C ty Utah ) 

feature during growth it is extremely difficult to iden 
nfy ot exclude aseptic necrosis on the basis of the 
roentgen examination One of Che most convincing 
lesions IS the swelling and fragmentation of the os 
iibiale externum (Fig 8 81 8) which is associated with 
clirucat swelling and local pain and tenderness 
(Hagiunds disease) Keats and Wheeler observed a 
boy 10 years of age who had bmitation of motion at 
both shoulders and destruction and deformity of the 
humeral epiphyseal ossification centers and portions 
of the conuguous metaphyses In all portions of the 
growing skeleton unless local signs or symptoms are 
present u is hazardous to base the diagnosis of necro- 
sis on foci of irregular mineralization visible in roent 
genograms because nearly all such irregular miner 
ahzation in asymptomatic children is of developmen 
lal rather than of necrotic origin 


F g 8 818 — Osteochond os s of the r ght os I b ale externum 
(Heglund s d sease) n a boy 1 1 years of age Both feet were pa n 
fgi and a tende swe ng was palpable and v s b e on the med al 
s de of the r ght foot The os I b ale on the r ght s de (arrows) is 
large and r egularty oss f ed There s an os t b ale on the left 
sde but I ssma smooth and evenly oss f ed 
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Multiple focal irregular scleroses— Toct of osteopo- 
rosis and irregular mineralization may be found in 
more than one site Koehler s lesion of the tarsal navi 
cular Perthes disease of the femur and Van Neck s 
lesion at the ischiopubic synchondrosis were present 
simultaneously in one of our patients Roentgen ex 
amination of the entire skeleton of every patient with 
supposed solitary irregular sclerosis would undoubted 
ly disclose that multiple irregular scleroses are not as 
rare as now believed Owing to the high frequency and 
the wide distribution of physiologic focal irregular mi 
neralization (see Fig 8 24S) multiple roentgenogra 
phic findings are to be expected For example most 


patients with Perthes disease exhibit irregular mi 
neralization of the patella and calcaneal apophysis 
because the last named two bones are irregularly 
tnuiecalized m most children Multiple spotted epi 
pbyses are not uncommon m hypothyroidism chon 
drodystrophia calcificans congenita dyschondroplasia 
and Hurler s syndrome in all of the four conditions 
the focal irregular mmerahzation is developmental in 
origin 

REFERENCES 

Martin VV C and Roeslcr H Multiple mamfescanons of 
cubchondral necrosis Am.J Roentgenol 30 861 1931 
O Donoghue A F Donohue E S and Zimmerman W W 
Bilateral osteochondnas of the tarsal navicular and first 
cuneffMm J Bone & Joint Surg 3CVA 780 1948 

Multiple sclerosis of the phalangeal ossification 
centers (Thiemann s disease) is a localized necrosis 
of the epiphyseal ossification centers of the phalanges 
in the hands and feet The condition was first de- 
scribed by Thiemann in 1909 The proximal phal 
anges of (he middle fingers of both hands are most 
often affected but the other phalanges may be in 
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voUed in a vanety of patterns often asyrnmetncally 
in the t«o hands The syndrome has been observed 
only during late childhood and adolescence Frostbite 
apparently been a cause of some cases (see Fig 
^23) but as a rule the lesions develop without evi 
dent cause 

It should be borne in mind that sclerosis of the epi 
Physeal ossification centers of the phalanges is pbysi 
®logic in healthy children (see Fig 8 79) and should 
not be confused with Thiemann s disease which is 
essentially destructive Sclerosis alone is normal 
even m multiple centers and should not be diagnosed 
osteochondritis 
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Bilateral carpal necroses -We had under observa 
tion for a number of years a cunous case of bilateral 
multiple necroses of the carpal bones (Fig 8-619) 
Necrosis fragmentation and shrmkage of all of the 
carpal bones in the left vmst were identified foUow 
mg an injury to the left hand when it was caught and 
severely jammed between the rollers of a clothes 
wnnger on a washing machine Several months later 
almost identical roentgen changes appeared in the 
nght wnst although the right hand had not been m 
jured at any time The bizarre insolvement of both 
wrists after injury to the left hand alone is difficult to 
explain and has not been explamed Martel and co- 
workers observed bilateral carpal necrosis with par 
Qal destruction of contiguous portions of the metacar 
pals in a child 4 years of age who had rheumatoid 
arthntis We have also seen multiple carpal necroses 
which developed without known injury (Fig 8-620) in 
a child whose father had severe bilateral carpal nec 
roses said to have developed mthout conspicuous 
irgury The grandfather is said to have had similar 
clinical deformibes at the wnsts The same phenome- 
na were present in fiie members of one family In 
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three of its generations observed by Thleffry and Sor 
rel Dejenne 

Torg and associates descnbed three of six sibbngs 
who had multiple necroses in the carpal and tarsal 
bones which became progressively more severe as 
age advanced Laboratory tests failed to detect any 
disorder of calcium or phosphorus metabolism The 
authors concluded that inhentance was recessive 
Microscopic changes in the bones were diagnostic 
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the shaft of the 2nd metatarsal s part a ly dest oyed and p esents 
a $qua ed end of irregular dens ty th a pat enl was a g 14 



yeasofage WB the d staf end of the 3rd metatarsal in a boy 15 
yea s ot age s defo med and fragmented The 2nd metatarsal Is 
affected n about 75% of eases 


s disease (bilateral swelling and bending of 
the terminal segments of the fifth fingers) afTecis 
the soft tissues at the tips of the fijtgers as welJ as the 
tenmnal phalanges The cause is unknown The mar 
ginal liregulanties in the shafts of the phalanges 
suggest bone necrosis and for this reason we classify 
It under the ischemic necroses In Blanks family 
seven affected members in three generauons the le 
sioDS were not present at birth and tbe soft tissue 
swellings of the fingers were evident when the phaJ 
anges were still not deformed Painless swellings 
appeared at tbe ends of the fifth fingers in one patient 
at about the 8th year of life The cUmcal and radi 
ographic changes are shown in Figures 8-621 and 8 
622 The swellings axe painless but may interfere 
With digital skills such as typing sewing and the 
playing of musical instruments The diseased phal 
anges stabihze m their abnormal position with resid 


Fig 8-624 —Progress ve changes n Fre berg s f ac ore of the 
d metatarsa of a g rl 14 yea s of age A early sc e os s B 48 



ual shonening and incurving In some patients skele- 
tal maturation has been retarded Girls have been 
affected more freguently than boys There is no treat 
menc 

Clinodactyly (curvature of a finger in the mediola 
teral plane) may be directed to the radial or the ulnar 
side of the hand It is most common as radial bending 
of the fifth finger at the distal Interpbalangeal joint 
It IS usually due to hypoplasia of the middle phalanx 
of the fifth digit, which is shorter on its radial side Ap> 
proxunaiely of mongoloids have this deformity 
Camptodaciyly signifies permanent fiexion of one or 
more fingers usually the fifth finger and always 
at an interphaJangeal joint and at no other joint 
Tbe reader is referred in this connection to the com 
prehensive paper by Poznanski and associates for 
detailed descnption of the different defomuues 
of the fingers 


days late beg nn ng col apse 1 b pus rep acement and Ih cken 
ng ot the con cal wal 
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Freiberg s fracture (ischemic necrosis of the head 
of the second metatarsal) js about four times as 
common m girls as m boys occurs commonly be- 
tween the 8th and 17th years and develops in the 
nght and left foot with equal frequency The same 
kind of lesion is also found in the head of the third 
metatarsal it is rarely bilateral (m 3 of 80 of SmiUie s 
patients) It is commonly found in association with 
march fractures in the metatarsals of the same or 
other foot The pnmary lesion is a superficial fissure 
fyactuie in the edge of the epiphyseal ossification 
center foUowed by ischemic necrosis and then repair 
which often includes overgrowth at the site of injury 
The course is similar to that of Perthes coxa plana In 
which there are long periods of desmicQon foUowed 
by long penods many months of repair Radiograph 
le findings depend on the stage in which the lesion is 
exammed Early the only finding Is widening of the 
contiguous joint space without evidence of fracture 
of the edge of the ossificaaon center Later absorp- 
tion of cancellous bone causes the dome of the articu 
lar cartilage to smk into the shaft and the dead bone 
18 scleroac The head of the third metatarsal then 
becomes squared and flat and often enlarged (Figs 



8-623 to 8-625) Freiberg s deformity may persist in 
this late deformed state mto old age 
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Osteochondrosis dissecans (marginal stress frac 
lure) occurs pnnapally in young adults is rare in 
children and is nearly nonexistent in infants The 
Juvenile lesion is rarely found in chJdren younger 
than 12 years Morphologically there is a marginal 
defect in the edge of the bone directly under the epiph 
yseal cartilage which is conQguous to the amcidar 
cartilage The overlymg cartilage is cracked and some 
times defective A piece of the broken cartilage and 
bone may be separate from the edge and be extruded 
into the joint cavity to act as a loose body Chondral 
and osteochondral fractures are the primary lesions 
in nearly all cases with complete or incomplete sepa 
ration of the fracture fragment local necrosis of bone 
and canilage is secondary The thicker cartilaginous 
layer which envelops the smaller ossification centers 
of younger persons probably prevents injury to the 
underlying bone The clinical picture is cbaractensQ 
cally mild inconstant and mtemuttent History of 
trauma is often lacking Localized pain tenderness 
and lunitanon of motion in tbe neighbonng joint are 
common clinical manifestations Often the mild clini 
cal signs are unilateral when distinct radiologic 
changes axe bilateral Green and Banks found theinci 
dence in males three times that in females Of 36 le- 
sions in then 27 cases 32 were in the condyles of the 
femun at the knees three in the bones et the elbow 
and one in the talus Ray reported changes in tbe su 
penor edges of tbe talus and stated that the bones at 
many joints might be sinulaily aifected-at the shoul 
der elbow hip wnst and metatarsophalangeal joints 
The climcal problem is largely the identification of 
this lesion m the femoral condyles about one-thud of 
the cases are bilateraL Velayos and associates demon 
strated multiple margmal fragmentations of the 
medial femoral condyles in a girl 17 years of age after 
protracted administration of adrenocoiticosteroids in 
the treatment of sarcoidosis 
The diagnosis is usually not made unless there are 
confirmatory radiologic changes These consist of a 
marginal defect in the subchondral bone on the edge 
of the ossification center near the joint surface (Figs 
8-626 to 8 632) An independent particle of normal 
lookmg or sclerotic bone may be seen In the craterbke 
marginal defect or loose in the articular cavity In 
proved cases osteochondrosis of the femoral condyles 
has almost always been located on the anterolateral 
edge of tbe medial condyle When the marginal irreg 
ulanbes are on the dorsal edges and especially on the 
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rotic part c>e This boy 1 1 years ol age had had mild interm ttent 


Fig s 627 -Bilateral stress compress on fracture losleochon 
dros s dissecans) of the medial condyles of both lemu's Th $g ri 
14 years of age had had pa n m the left knee fo' < ve days The 
caudal edge of the medial condyle of the left femur (6) is broken 
and a small slightly sclerot e fragment f its a $mai ma g na re 
cess At the same $ te on the edge of the medial condyle of ihe 


r gni femur (A) there is a marg nal transverse fracture I ne 
only slight d siraetion of the fragments There were no clini6*l 
signs at the right knee These stress shearing or compress^dn 
fractures characterisi csiiy develop in the med af segment of <lt* 
caudal edge of the medial condyla 



Ftg e.628 -Shearing or compression stress tractures (osteo scterotic fragment is seen near the caudal edge of the med ^ 
chondrosis d ssecans) of the med al femoral condyle of a girl 14 condy e and appears to f t into a sharply circpscnbed 

years of age who had had .otermitterM pa n at the left knee tor B. lal^l pr^ect on the fragment m its hollow is s tuated we'l 

several weeks In A, frontal project on a smalt oval and si ghtiy forward on the medial condylar edge 
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lateral condyle the probabdicies are high that mar 
ginal uregulanties represent normal developmental 
variants in healthy children Tunnel projections give 
maximal visualization of these dors^ variants and 
increase the error of overdiagnosis of osteochondrosis 
dissecans (see Fig &*209) when the changes are errO' 
neously evaluated Furthermore approximately 20% 
of healthy girls and 30% of healthy boys have mar 
gmal irregularities on the postenor condylar wall 
which are idenucal radiologically with many of the 
findings in so-called femoral osteochondrosis disse- 
cans even to the presence of independent ossicles on 
the margins beyond the main mass of the ossification 
center I am convinced that these normal condylar 
variations (see Fig 8 210) are commonly called osteo- 
chondrosis dissecans when children actually have no 
bone disease but do have painful and tender lesions 
m neighbonng soft tissues Independent bony centers 
may develop in the penpheral portion of the epiphy 
seal cartilage beyond the edge of the main ossifica 
tion center and then fuse with the main center as It 
grows toward and onto the smaller bony nucleus and 
simulate osteochondrosis dissecans radiographically 
(see Figs 8 209 and 8 210) 

Spontaneous gradual disappearance of the normal 
vanants without treatment may last for many months 
Van Demaik and Edelstein both pointed out the good 
natural prognosis in contrast to the need for surgical 
treatment of adults 


Talar lesions are usuaUy associated with local pam 
and tenderness but occasionally charactenstic mar 
^al defects are encountered on the supenor edge of 
the talus m patients who are asymptomatic (see Fig 
8 631) Trauma pure and simple without vascular 
injury appears to be the sole cause In most cases the 
trauma appears to be minor and repeated it is usually 
endogenous and due to repeated iniemal compression 
or shearing stresses rather than to conspicuous single 
exogenous injury The radiographic changes are lo- 
catedon the supenor curved edge of the talus either 
medial or lateral and consist of marginal indenta 
turns which may or may not contain a bone fragment 
Talar lesions are rare before age 15 

Osteochondrous dissecans of the distal end of the 
first metatarsal may be unilateral or bilateral The 
destructive lesion is in the end of the shaft not In a 
secondary epiphyseal center as is the case in most of 
the osteochondroses (Fig 8-633) It resembles some of 
the destructive foci found m the ends of the metacar 
pals (see Fig 8 132) Kessel and Bonney believe that 
the pnmary lesion is rigid hyperextension of the great 
toe on the first metatarsal with secondary destruction 
of this bone 

Burrows has pointed out that osteochondntis 
(osteochondrosis) has been widely used as a conven 
lent label for any peiplexmg radiographic change in 
epiphyseal ossificanon centers in any part of the 
growing skeleton According to Burrows this error has 
been consistently supported by the misconceptions of 
the pathology of these lesions promoted by Lenehe 
and Folicard and in my opinion by radiologists and 
orthopedic surgeons unfamiliar with the normal van 
ations in the normal images of epiphyseal ossification 
centers Anatomic proof of the nature of these lesions 
has been inadequate because of the ranty of direct 
observations of most of them during surgery Smce 
Fairbanks s convmcmg observations it has been clear 
that osteochondrosis dissecans represents a fracture 
and its sequelae We are indebted to Burrows for re 
imndmg us that Sir James Paget demonstrated by 


nq 8 630 -Stress marg nal fraclu e or the med al condyle of 
the lemur standard p o ect on The Iractu e fragment Is not v s 
ble but the irarg nal defect s c ear y demonstrated 





Bone Lesions Due to Physical Agents / 1185 



Fig 8 631 — Marg nal stress fractures of ft 
defects on the super or edges of the talus o 
chance t nd ngs n a boy 12 years of age who 
s gns at the ankles They are probably res dua 


hea ng or compress on focal stress fractures (osteochondros s 
ssecans) after d sappearance of the fracture fragments them 


direct observation dunng surgical explo 
osteochondrosis dissecans of the femori. 
represents a simple marginal fracture ih 
lage and bone with varying degrees of d 
the penpheral fragment 
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children J Bone St Joint Surg 35-A 26 19o3 
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several Joints J Bone fic Joint Surg 32 6 348 1950 
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Paget J Production of some loose bodies m jo nss St Bar 
tholomew 8 Hosp Rep 6 1 1870 
Pick ^L P Familial osteochondntis dissecans J Bone 8e 
Joint Surg 37 B 142 1955 


Fig 8 $32 —Marg nal stress fracture (osteochondros s dsse- 
cans) of the talus of a boy 15 years of age who had had pa n and 
tenderness of the rght ankle tor seve al weeks A smooth oval 
ihass of bone (arrow) f ts Info a smooth ndentat on on the upper 
edge of the talus near ts lateral ext em ty Injury was den ed 



F y B B Osteochondnt s dissecans of the talus J Bone & 
ontSui* 29 607 1947 

V h rj S Hereditary multiple epiphyseal disturbance and 
onscguences for the autogenesis of focal malacias- 
ort ularly osteochondrosis dissecans Aetaorthon scan 
irvv 24 286 1956 

fts N and Hughes K Osteochondntis dissecans of the 
Upovjoint J Benefit Joint Surg 32 B 348 1950 
5> 4C I S Osteochondrosis Dissecans Loose Bodies in 
JO ms Eooiogy Pathology and Treatment (Edinburgh 
L 8. S Livingstone Ltd 1960) 

\ a Demark R E Osteochondntis dissecans with sponta 
neous healing J Bene & Joint Surg 34-A 143 1952 
% jyos EE et oi Arthropathy associated with steroid 
I erapy Ann Int Med 64 7S9 1966 


Bowlec is caused ui part by mechanical stress In 
this deformity the knees are separated from each 
other when the legs are placed m anatomic position 


F g 8 633 Marg nal subchond al nee os s (osteoehond os s 
d ssecans or f acture) of the d stal end ot the 1st metata sal of a 
boy 12 years of ape who had had pa n n ih s reg on for about 
Ih ee weeks The Jes on is n the shaft not n an ep phys s The 
arrows po n| to the rad olucent subchondral defect (Courtesy of 
Or W amOavs Denver Colo) 
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Fig 8 634 - Bowleg delormifies A tunnel protection o( the and above the knees The medial ends of the metaphyses are 

knees of a boy 20 months of age show ng upward i ling ot the spurred and beaked and the femoral oss ficat on centers taper 

medial ends of the femoral shafts w th downward ti ting of the med ad The med al cortical walls of the I b as through which the 

lateral ends of the t bial shafts This projaotion reflects the de- greatest I nes of force are pro ecied are th ckened There is no 

formities in the posterior halves of these bones B in a boy 30 evidence of recent or eld rickets 

months of age the thras and femurs are bowed Istersd below 


Pig 8 63$ -B lateral Idiopathic bowed legs in a boy 22 physeal ossificat on centers are much too email espee ally In 
months of age The arrows point to (he med ad and dorsad beak their medial halves which are under e greeter stress of weght 

mg of the femoral and tibiaf netaphyses at the knees The m beenng when the tegs ere bowed After correction of bowed tegs 

creased stress of weight bearing has also thickened (he medial these stress phsnomena d sappeer stter several months 
and dorsal cortical walls of the tibias inward The femoral ep< 
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ere are many obvious causes rickets prenatal 
wng and occasionally trauma. Most cases have no 
e^dent cause and are idiopathic It seems probable 
at muscular imbalances and postural stresses dur 
iDg growth are much more important causally than 
actual disease m the bones Both clinician and radiol 
®gist should bear m mmd that most bowleg defornu 
in infants and younger children are transitory 
^d after two to three years disappear without treat 
ment 

In the radiologic examination the fibial shafts are 
^®t®rad in their upper two-thirds with spumng 
^ f of the medial aspects of the ends of the 

s afts In almost all cases there is an associated but 
®ss marked ventral bowing of the shafts at the same 
evels at which the lateral botvings occur The posten 
^aspects of the metaphyses are also beaked dorsad 
he medial and posterior cortical walls of the titeas 
on the inside of the curves are thickened (Figs 8-634 
^d 8-635) The medial halves of the nbial and femor 
epiphyseal ossification centers are often wedge- 


shaped and taper to a pomt mediad We have seen 
many cases in which the clinical diagnosis of bowlegs 
was m^e but which showed straight bones radiologi 
c^y T^s clmical error is due to examining the legs 
when they are slightly abducted and externally rotat 
ed instead of m the anatomic position 
We have seen one example of spontaneous conver 
Sion of bowed legs mto knock knees (Fig 8-636) and 
another of unilateral bowed leg with knock knee on 
the opposite side (Fig 8 637) 


ITie bowings are usually more marked m the tibias 
but occasionally the bowing is due almost exclusively 
to lateral bowing of the distal segment of the femurs 
(Fig 8-638) Anterior bowing of the femur with dorsal 
spunmg Is also present In some unilateral cases the 
femur IS spuwed and the femoral epiphyseal osslfica 
bon center ts hypoplastic and sharpened mediad 
which simulates the tibial changes in unilateral tibia 
vara (Fig 8-639) 


Radiographs should always be made when the pa 
bent is bearing weight to obtain the radiographic pic 
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Fig 8 637 (left) -Right knoek knee end left bowleg in e boy shows narked bowlegs In which the t bias are stra ght and both 

2 h years ol age In bowleg the wed a' cortical walls are bent la femurs are bowed abruptly lattrid near the r djslal ends ffemora 

terad and thickened and the lateral con cal walls are ihinrtea vara) The femoral epiphyseal ossif cation centers are small and 

The converse IS true in knock knee Also inknock kneeihe later flattened on the r medisl naives In B lateral project on the right 

al cortical wall of the fibula Is thickened suggest ng substantial t b a is straight but the femur is bowed ventrad near its d stai end 

weight bearing by tnis bone end a spur projects dorsad from the same level of the femoral 

Fig 8 636 (nght) —Femoral bowed legs endogenous stress shall When poss ble frontal projection ol the leg should be ob 

trauma at the knees w tnout we gnt bear ng A frontal projection ta rtedwilhine patient stand ng and the ankles in appos i on 





tiowleg Th« ftgrtf femur •$ bowed 

ftlh f? ®" '*'’**' '* hypoplast c and sharpened med ad The 
If? ™ ^ '* *''8f’Hy apurred mediad at the metaphyseat level and 

•riu »*.?! *i "'a'l <f* ckened This deform ty could be prop 
boywMSye^*^*''*^* coffeapondingtoBiountstibiavafa This 
fla 8-640 (right) -Bowed tegs of a girl 12 months of age who 


started to walk at 8 months Jn A recumbsht position thetibiaa 
*11 •'’® '•»* "« bowed because he 

when the patent IS erect and weight bearing ^ ^ 


luxe in the same position and degree as the cluucian 
sees them in his physical examination (Fig 8 640) 


REFERENCES 

J ^ ef al Physiological bowing of the legs m young 
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W Physiologic bowing of the legs South M J 53 


Knock knee (idiopathic) is a deformity of the legs 
in which there is a bowmg or angulation mediad at 
the level of the knees When the thighs are placed lo 
the anatomic position the shanks deviate laterad so 
at there is a wide gap between the ankles, which 
should touch each other in the anatomic position 
eakness of the medial ligament of the knee and the 
vastus medialis muscle are the common pnmary 
causes Many healthy infants and younger children 
ave transitory knock knee which disappears without 
Raiment Geppert found that the maximal degree of 
ihis functional knock knee occurred during the 3xd 
year of hfe In measurements on 239 subjects be 
found the normal maximal range of separation at the 


ankles to be 1 5 cm dunng the 1st year, 3 0 cm durme 

^e2nd 3 5 cm for the 3rd 2 0 cm for the 4th and 

5th and 15 cm for the 6ih year Knock knee is func 
tional in older girls and women owmg to the greater 
width of the pelvis and thus the greater interarticular 
distance at their hips Knock knee may complicate 
and foUow flatfoot and other conditions characterized 
by regional muscular weakness In some cases of re- 
fractory nckets, severe knock knee, both unilateral 
and bilateral develops MacEwan and Dunbar found 
that physiologic knock knee developed durmg the 3rd 
year when the tibias straightened foUoivmg the physi 
ologic bowing of the first two years Knock knee be 
came maximal at the 4ih year, when the malleolar 
gap exceeded 2 in. in some children By the end of the 
6th year physiologic knock knee had disappeared, 
even m some children who had had malleolar gaps as 
large as 4 and 5 In , mthout treatment of any kind 
The radiologic examination may disclose no changes 
in the bones or a lateral bending of the tibias in their 
distal halves and mediad bowing of their proximal 
halves with thickenmg of the lateral cortical walls 
(Fig 8-641)-the converse of the changes in bowleg 
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Fig 6 641 - B lateral id ooattiic knock knee in a g rl 4 years of 
age The lower halves ol the t bias are bent lateral owing to the 
med al bowing of (heir upper halves There Is a vv tfe gap between 
the ankles when the th ghs and knees are in anatom c position 
The lateral eort cal wet s of both t bias through v>nich the 
princ pal lines of force are transm tted in th s deform ty a e 
thickened (arrows) This Is the converse of the cort cal 
thickenings in bowleg 





Fig 8-643 -S«wfe congen tal tlaMwJt w ih ptamar «l« on ot 
the talus A normal foot at 7 years of ag« B rocker iiatfooiat 
7 years of age The calcaneus s rotated clockw s« on ts t ans 
verse a* s with the ventral end dowf' end the dorsal luberos ty 
(heel) up and the talus is rotated nto a vert cat pos t on w in Its 
ventral end down and the dorsal end uO The seapho d has i*oi 
followed the end of the talus caudad a* m F gure 8 64? but ar 
tieulales with the ventral edge of the edop c talus The metetar 
sals ate i (ted at ghtly nto a shallow edu nua pos t on The long 
tud nal arch not only s flattened Out has gone beyond flatness 
into a convex plane 
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The radiographic examination should be made dut 
mg weight beanng to detennme the actual functioi^al 
degree of knock knee 

REFERENC'ES 

Geppert T V Physiological knock knee Am J Dis Child 
83 154 1952 

MacEwan D W and Dunbar J S Radiologic study of pUy*' 
lologic knock knee in childhood J Canad A Radiologists 
9 59 1958 

Flat feet are probably the most common orthope 
die problem in the grotvmg child In many cases they 
result from persistence of the physiologic pronation of 
the early infantile feet into later childhood ivjtb 
stretchmg of the ligaments on the medial side of the 
ankle— the deltoid calcaneotibial and postenor talo- 
calcaneal ligaments The usual climcal findings »n 
elude the flattened contours of the plantar arches 
pigeon toed gait and pam in the foot and leg On 
standing ihe calcaneus extends laterad from under 
the talus into a valgus position and the medial side of 
the foot becomes promment where the head of the 
talus IS displaced mediad Radiographic findings are 
shown m Figure 8-642 films of the feet should aJ 
ways bemadedunng weight bearing (Fig 8*643) 

liie special types of flat feet are better recognized 
by cLnical than by roentgen means They are all ch^ 
acienzed by shift of the ventral end of the talus cau 
dad and m^ad 

Pes caws 1$ the converse of flatfoot its longitudi 
nal plantar arch is deepened and the deformity is eas 
ily recognized clmicaily The changes in the cavps 
foot are almost always secondary to lesions in the 
spinal cord such as congenital malfonnations ahd 
pobomyebtts Internal derangements in the caviis 
foot include rotation of the calcaneus on its trans 
verse axis with the front end up rotation of the taliis 
counterclockwise on its transverse axis into a more 


Fig. 8 644 Post ptJl omye t c paralyt = pes cavus n a boy • I pos i on w th ts ventral end up and the dorsal tube os ty down 
years of age The plantar arch s deepened The ca earwus s rt>- Wri e Yne lAus •$ roiafteO coumerc'iodKw se bm lowarO a moiu 

tated counterclockwise on ts transverse ax s toward a vert cal honroniai pos I on w ih ihe vent at end up and dorsal end down 
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honzontal position with its front end up, plantar flex 
ion of the metacarpals into the equmus position and 
some degree of dorsiflexion of the phalanges into the 
cockup toe position {Fig 8 644) 

Ipjfections 

Hematogenous osteitis or osteomyehas is prepon 
derantly a disease of the growth period, infantile and 
even neonatal cases are not uncommon Bactena are 
the common inflammatory agents, but growing bones 
may also be invaded by viruses, spirochetes fungi 
and yeasts The radiographic changes are very sum 
lar regardless of the mfectmg agent 

Pyogenic hematogenous osteomyelitis —This is 
actually a panosteitis m which all parts of the infect 
ed bone are involved, the marrow spaces however, 
are usually first infected, and early extension to other 
bony components follows The orgamsms lodge most 
frequently m the termmal capillary loops m the spon 


giosa near the end of the shaft and infect the juxta 
epiphyseal marrow spaces (Fig 8-645) Less frequent 
ly the infection is implanted in an epiphysis by w ay of 
th e articular and cortical ar teries or in th^rorticalis 
of the shaft t hrough the perineal ves sels A small 
focus of purulent necrosis or abscess de\ elops m the 
soft tissues of the marrow, this is followed by local 
decalcification and destruction of the spongtosa and 
ovetlymg corticahs When many orgamsms lodge in 
the end of the shaft multiple focal abscesses are 
generated and multiple foci of bone destruction de- 
velop which coalesce later 
The increased pressure of the local subepiphyseal 
inflammation may drive the infection into several 
channelsof lesser tension (Fig 8-646) The common 
est route of spread is by direct extension through the 
Haversian canals of the overlying cortex to the sub- 
penosteal space, where the periosteum is Lfted off the 
cortex by the formation of a subpenosteal abscess 



feiphysifis S 64$(leii) -Schema! c represental on of the artersi 

^ channets through which tnvad 09 bacteria enter the growing 

bone andihesitesof primarylmplanialion (Mod tied from 
Heruler) 

fig » £46 (below) -Schematic representat on of the 
Metaphytifis pathways through which Infect on spreadsin the bone after 
hematogenous implantation m the metaphysis and of the 
lormalion of the primary metaphyseal abscess When the 
niected metaphysis is intrecapsuiar the anicu'er space is 
infected by extension through the terminal segment of the 
con calls in the case of an extracepsutar metaphysis a 
Subpenosteal abscess is formed at tha same level but the 
articular space ■$ not infected (Modif ed from Hart ) 



-Articular 

space 

ssification center 


Subpenosteal abscess 
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FI3. 8 647 —A early destructive 
pyogenic osteomyelitis with multiple 
neeTctictoci in the proximal melaphysis o1 
(he I bia which cast small shadows of 
diminished density near the epiphyseal 
plate The patchy necros s has a marginal 
d stnbution B. healing diaphyseal 
psteomyelit s ol the ulna without 
metaphyseal involvement The medial side 
of along midsegmeni of the ulnar shaft •$ 
thickened with patchy rarefaction due to 
pone destruction and incompiele healing 
The infecting organism probably entered 
the medullary cavity through the nutrient 
artery of tne shaft where it inflamed the 
marrow There are no radiographic signs of 
metaphysitis frdm infection through the 
metaphyseal vessels 


The penosteum itself then may rupture, with eatni 
Sion of the infection into the overlying soft tissues 
Ordinarily the subpenosteal abscess is limited at one 
end by the neighboring epiphyseal plate and the firm 
fixation of the latter to the penosteum and penchon 
dnum Pus from the subpenosteal abscess may be 
forced back mto the medulla at vanable levels of the 
shaft and set up secondary foci of infection in the 
marrow tissues The articular tissues may be infected 
by rupture of the penosteum when the metaphysis is 
intracapsular or by extension through the epiphyseal 
plate mto the cartilage and thence onto the synovial 
surface The metaphysi^ the medullary canal in the 
middle of the shaft the epiphysis and the cortex may 
be infected singly or in combination concurrently or 
at mtervals 



Repau begms with localization of the infection and 
the reduction of mtraosseous and subpenosteal ten 
Sion The cells of the osteogemc layer of the elevated 
penosteum begin to deposit a shell of new bone 
(involucium) over the subpenosteal abscess and after 
a few weeks a thick bony sleeve envelops the affected 
segment of the shaft, in the case of extensive lesions 
almost the entire shaft may become encased in m 
volucrum Defects m the mvolucrum— the cloacas — 
permit the continued discharge of the inflammatory 
products from the bone The underlying old cortex 
begms to die followmg its separation from the pen 
osteum which eliminates its pnncipal cortical blood 
supply Tfie dymg and dead bone is covered with gran 
ulatMn tissue The dead segment or sequestrum may 
be completely detached fragmented and discharged 
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through the cloacas in particles of varying sue Large 
sequestrums may persist until removed surgically, 
partially detached sequestrums may be resorbed in 
place After several weeks the new cortex or invo- 
lucrum begins to contract may became lamellated 
and slowly changes in the direction of normal struc 
ture and contour The defects in the spongiosa are 
graduaUy repaired but often distortion and sclerosis 
of the cancellous bone are evident for years In in 
fants healing is more rapid and more complete than 
in children Sclerosis and peripheral hypertrophy of 
the corticalis and shaft can usually be detected 
many years after subsidence of the infection If the 
infection becomes chronic destruction sclerosis and 
sequestration may continue indehiutely 
In younger infants pyartbrosis and dislocation of 
the hip are common complications of osteomyeLos of 


the femur, ibum or ischium singly or in combination 
Roentgen findings —It should be emphasized that 
there are no roentgen changes m the earliest stage of 
marrow Infection and prior to decalcification and de- 
struction of macroscopic quantities of the spongiosa. 
Sigmficant bone destruction usually does not appear 
until late In the second week of the disease Following 
the roentgen negative early phase roentgen examina 
fion is invaluable m determining the location and 
extent of bone destruction involucrum formation 
sequestrum formation discharge and resorption and 
the secondary growth disturbances The demonstra 
non HI a film of regional soft tissue swelling near the 
site of bone tenderness and pam is only presumptive 
evidence of infection of the underlying bone swelling 
of the soft tissues sigmfies simply local celluhtis ei 
iher with or without osteomyelitis 
The first roentgen sign is the appearance of one or 
more stnalt p f riimmish e d dpn<ity which are 

cast by foci of bone necrosis (Fig 8 647) This necro- 
sis may be limited to a small area near the end of the 
shaft or occupy a considerable portion of the shaft 
when first detected Sometimes focal destructive 
changes develop in the epiphyseal ossification center 
and m a segment of the metaphysis directly opposite 
(Fig 8 648) in this case the destruction in the epi 
physeal center was evident for several weeks before 
(he metaphyseal destruction became visible After the 
seconder thud weeks involucrum appears and casts 
a stnp of increased density outside of and parallel to 
the shaft The extent of the involucrum is directly 
proportional to the extent of (he subperiosteal ab^ 
scess It may be limited to the end of the shaft or 
cover (he greater portion of it (Fig S-649) The mar 
gins of the involucrum are usually irregular and 
multiple defects axe often visible With the passing of 
time the involucrum becomes thicker and less Irregu 



Infections of Bone / 1195 



F[g 8 650 — Massrve sequestrat on of the radius in situ A moderately th n wrinkled involucrum 
(arrows) surrounds the underty ng dead sclerotic cortex 


lar The dead portions of the old shaft or seguestiums 
cast a sclerotic shadow owing to the higher mineral 
content caused by shrin kag e and disappearance o f 
the soft tissues aft er death Sequestrums vary m size 
from large segments of dead compacta to tmy parti 
cles (Fig S-650) They may be located whoUy inside 
the involucrum or be found partially extruded 
through cloacas or loose outside in the neighbonng 
soft tissues (Fig 8 651) 

Treatment with antibiotics early modifies the roent 
gen picture of acute osteomyeliQs the destructive 
features are lessened so that mvolucrum formation is 
sometimes the earliest and most conspicuous roent 
gen finding (Fig 8-652) During the administrauon of 


antibiotics even large sequestrums may be resorbed 
spontaneously m the soft assues without benefit of 
surgical dramage (Fig 8 653) It should be remem 
bered that there is always a lag between clinical re- 
covery and roentgen improvement m osteomyehtis 
treated by antibiotics the roentgen changes may con 
unue to increase tor weeks after the infection has 
completely subsided clinically 
A ball and socket type of residual shortening de- 
fonmty may develop at the cartilage-shaft junction 
when the osteomyelitic agents loll the growing cam 
lage cells in the central segment of the proliferating 
cartilage so that a peripheral run of healthy cartilage 
cells continues to grow beyond the central segment of 


Pig 8 6St (lettj >Ptn al extrusioo of a moderately large se- 
questrum through sclerotic thieX mvolucrum 

Fig 8 652 (rlghl) -Acute hematogenous osteomyei t s of the 
ftmur treated w th penieitlin from onset A frontal and B lateral 


protect ons made three weeks later Although a th ek involucrum 
has lotmed on the dorsal conical wall there is little evujenee of 
desiruci on and none appeared in later films mad# over several 
months 
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the epiphyseal ossification center and bury it into the 
deformed end of the shaft (Fig 8 654) We have seen 
similar lesions follow trauma and scurvy and they 
have been reported as residuals of vitamin A poison 
mg Cupping of the ends of the shafts with enlarge- 
ment and ptemature fusion of ossification centers 

Pig e SS4 -Residual deeo cupping of the duui femoral meia 
physis following acute osleomye’itis Th s deformity appears to 
ba due io destruction of the protiferat ve carttage cells in ihe 
central segmant of the cartiage segment with suppress oo of 
longitud nal growth tn the center of the shaft but wtn contmu 
ing growth on the periphery eo inst the osst cation earner is 
gradually buried into the concave face of the shaft A acute os 
teomyelitie of the juxtaepiphyseal metaphys a at g months of age 
B res dual deep cupping of the end of the shaft at 4 years of age 
with the enlarged osaification center almost completely bvned m 
the cup and begmn ng to fuse prematurely w tn the shaft We 
have seen similar cupping of the distal end of Ihe femur follow- 
ing trauma scurvy andvtaminApoiaon ng 



with their shafts at the knees were observed in three 
patients foUowing prolonged immobibzation and 
maiupulations in the treatment of congenital djsloca 
non of ibe hip (Botbng and Scrase) This same cup- 
ping and premature fusion deformity in the growing 
metaphysis has also been found in s ickle cell anemi a 
postpobomyebnc state s and c hronic poisoning bv v i 
t amin A and may be residual to t raumatic mmn es to 
The same phenomena at the knees have 
also been observed as compheanons and sequelae to 
inflammatory diseases at the hip such as tuberculo- 
sis chronic anhntis and osteomyebtis and sLppuig of 
the upper femoral epiphysis 
When a segment of the metaphyseal artenes is oc- 
cluded by inflammation in the medullary cavity, a 
long tongue of radiolucent uncalcifled caiihlage may 
persist and hypertrophy to elongate with growth cast 
ing a narrow radiolucent strip of diminished density 
which extends sbaftward from the cartilage (Fig 8- 
655) Such strips are reminiscent of the changes in 
infantile hypophosphatasia, and they may be due to 
local segmental hypophosphatasia caused by the local 
obeemia in the metaphysis in this patient 

Localized osteomyelitis —Some pyogenic infec 
lions are sharply locabzed and are of low virulence 
Only a small patch of necrosis develops which is sur 
rounded by a sclerotic capsule of spongy bone (Fig 
8-656) In the early stages the cavity is filled with 
purulent exudate later this is replaced by granula 
lion tissue Localized infection of this type Is com 
monly referred to as Brodie s abscess or silent focus 
(Pheinister) the clinical manifestations are usually 
mild and the condition often remains unrecogmzed 
during its early stages One should be cautious in the 
diagnosis of Brodie $ abscess m the distal ends of the 
femurs and proximal ends of the tibias where physio- 
logic defects in the cortex may cast small cystic shad 
ows similar to those cast by localized inflammatory 
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Fig. 8 655 Osttomyel t s 8< Ihe dslai end ol tne femur wth inemelaphyss srsd o’ucentandpana yob te ated The tongue 
res dual long tudna tongue of uncale t ed can age whch ex of uncalc fed can age a p esumab y due to segmental fa u eof 

tends shaftwa d off the ean laga plate A and C at 4 tveeks of norma desiruct on of can lage plate caused by loea o gem a 
ege point tendetneea and twe auggeated osteotnyelt a « the wh ch ted to reduced blood f ow n the te tn nal branches d the 
d stal end of the femur BandO at 6 weeks a sma f segment ol metaphyseal ana es 






1198 / SECTIONS The Extremtttes 


foci (see Fig 8-219) Biodie's abscess is defined by 
Waldvogel as pnmary subacute pyogenic osteomyeb 
tis It IS usually locabzed in the metaphysis Tbe in 
crease in density around the radiolucent, lytic center 
represents local marginal increase in spongy bone 
and sometimes thickening of contiguous cortical 
bone 

Diffuse sclerosing osteomi/elitis (Garres disease, 
osteomyelitis sicca) —This is characterized by dif 
fuse bone production with little or no bone destruction 
or sequestrum formation The lesion is usually limit 
ed to the cortex, which is thickened externally or in 
temally over a variable distance (Fig 8 657) The 
cause IS thought to be a low grade infection The 
roentgen changes in Garre’s disease resemble those 
in osteoid osteoma. These conditions usually cannot 
be differentiated conclusively without biopsy 

Infantile osteomyelitis —This differs in several 
important respects from osteomyehtis in children 
The infantile disease is much milder chnicaUy, and 
prognosis for rapid complete recovery is usually ex 
cellent The thin less compact corticahs of infants 
permits earher spread to the subperiosteal space, and 
the more delicate, loosely attached penosteum per 
nuts earlier subpenosteal abscess formation and rup- 
ture into the soft tissues These factors all favor early 
spontaneous decompression and drainage of the 
shaft, thus preventing much of the necrosis which 
develops in thicker, less easily decompressed, older 
bones Sequestrums are absorbed more rapidly and 
completely In infants 

Dunng infancy, there is a peculiar type of osteo- 
myehtis which IS not seen in older paoents The chief 
complaint and presenting physical finduigs are 
• lumps In the neck chest and extremities ’ which 
appear suddenly m an Infant who shows little or no 
constitutional signs of severe infection There is so 
httle local inflammatory reacuon in the swellings and 
constituaonal reacnon that osteomyehtis is not sus 
pected until roentgen examination shows the bone 
lesions In the trunk both clavicles and several nbs 
may be infected and m the extremities, all’of the 
bones proximal to the knees and elbows Suppurative 


arthritis at the hips, shoulders and elbows is common- 
ly associated The spme and bones m the penpheral 
segments of the extremities are conspicuously spared 
Although prognosis for recovery is good serious mu) 
hple cnpplmg deformities are common m the prOM 
mal ends of the humeruses and the distal ends of the 
femurs, owmg to the early destruction of proliferating 
metaphyseal cartilage cells In a case of this type re- 
ported by Yakovac and colleagues the infecting or 
gamsm was a nonphotochroraogemc mycobactenum 
(Bailey's bacillus) 

Complications —The important comphcations and 
sequelae include a^^tis, fractures, dislocations and 
growth disturbances. The growth disturbances which 
result from Infections m the tubular bones of the 
bands have been descnbed m detail by Cockshott, 
they represent his large expenence with such lesions 
in Nigena. The frequency of secondary joint infection 
depends largely on the anatomic relationship of the 
articular capsule, penosteum, metaphysis and epi 
pbyseaJ plate (Fig 8 658) Secondary arthntis is 
common when the infected metaphysis is intracapsu 
lar, as in the hip joints Durmg infancy. In the pres- 
ence of purulent arthntis of the hip, the femur may 
be dislocated cut of the acetabular cavity Primary 
infection of the synovium from the blood stream ap- 
parently precedes osteomyelitis m many cases Fol 
low up Toenigenograms m cases of supposed primary 
synovitis however, may disclose lesions in the neigh 
bonng epiphyses or metaphyses which were not evi 
dent in films made in the early acute phase of the 
infection Pathologic fractures may occur dunng the 
early stage of bone destruction or later if there is In- 
suffiaent mvolucrum formation Either elongation or 
shortening of the alTected bone may be the sequel of 
osteomyelitis \Vhen there is no destruction of the epi 
physeal cartilage but growth is stimulated by the 
chrome hyperemia of the part, elongation results, 
acceleration of epiphyseal maturation occurs in the 
same arcumstances Shonemng is due to actual in 
flammatory destruction of the proliferating cartilage 
cells Shortening is often attended by marked deform 
Ides, dislocations and disturbances in mechanical 
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Fig 8 6S9 — Pyogen c ep phys t s in the prox mal end ol the 
femur of an nfani 4 months of age The la ge per pherally local 
ed area of destruet on s v s ble in the dorsal segmertt of the ep 
physeal oss f cat on center 


function owing to changes m the incLmation of the 
opposing amcular surfaces 
£pipHyst(i$ ~The epiphysis may be infected alone 
or with the diaphysis The area of necrosis in the 
epiphysis casts a shadow of diminished density (Fig 
6-659) Secondary infections of the jomt are common 
but not mvanable the articular cartilages may be de- 
stroyed and the joint space narrowed Pyogemc epi 
physitis may be marginal and resemble the marginal 
destruction which is characteristic of tuberculous 
epiphysitis Tuberculous and chronic pyogemc epi 
physitis cannot be conclusively differentiated by 
roentgen findings alone 

Osteomyelitts of the patella is more common m 
children than adults but infection of the camlagi 
nous patella of infants and younger children is ex 
ceedingly rare Evans described four examples in 
children 5 J1 years of age Inflammatory signs- 
swelling and redness— develop m the prepaid 

lar tissues Radiographic findings of destructive fol 
lowed by productive changes are similar to those 
found m other inflamed bones Effusions into the 
knee joint and its contiguous bursas are common 
complications 
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Tubexculosis -Hematogenous metastasis of tub- 
eicle bacilli lo the skeleton may take place early dinr 
lOg the active phase of the pnmary complex in the 
thorax or later from postpnmary tuberculous foci 
After implantation in the bone an immediate active 
inflammatory reaction may develop or the bacilli 
may be dormant for years until activated by local fac 
tors such as trauma to the bone or joint All or a sin 
gle component of a growing bone may be affected 
The synovial surface may be infected before the 
bones are mvolved the infection may then spread 
from the joint to the contiguous epiphysis and meta 
physis 

Tuberculosis produces a chronic inflammatory re- 
action in the bones which is similar in its macroscop, 
ic aspects to chiunic pyogemc osteomyelitis Local 
necrosis of the intraosseous soft tissues develops at 
the site of implantation and is then followed by re- 
gional decalciRcaQon and destrucaon of the osseous 
tissue Itself Spread of the infection from the focus in 
the bone takes place through the same pathways as 
those described in the pathogenesis of pyogemc osteo- 
myebtis IVhen the synovium is infected first the 
subchondral bone necrosis which develops secondaii 
ly in the contiguous epiphysis is usually margmal in 
Its distribution in the noncontact portions of the arti 
cular surfaces 

During infancy and early childhood when the carti 
lages are relatively thicker and the epiphyseal ossifl 
cation centers smaller direct transfer of the infection 
from the joint to the bone is not as common as in later 
childhood and adolescence when the epiphyseal car- 
tilages are thinner and the ossification centers are 
correspondingly larger For the same reasons infec- 
tion of the opposing epiphyses of a joint Is not as 
common in infants and children as in adults The at 
bcular cartilages are preserved longer in tuberculous 
osteibs and arthritis than in pyogenic arthntis owing 
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to the Jack of a destructiv e proteolytic fer m ent in t u 
berculoua exudates Sinus formation and cold ab- 
scesses are common ui tuberculous osteitis involu 
crum formation and sequestration are not as conspic 
uous as in pyogenic osteomyeLtis 
Roentgen appearance — TTie roentgen findings m 
skeletal tuberculosis are similar to those of cJiromc 
pyogenic osteomyelitis m all of the pnncipal features 
From the roentgen appearance alone a conclusive 
diagnosis of tuberculosis is not justified Pyogenic 
and tuberculous lesions are found at the same sites m 
the growing bone, they produce the same pattern of 


bone destruction and production Persistence of the 
joint space and presence of cold abscess favor the 
diagnosis of tuberculosis but are by no means pathog 
nomonic extensive sequestrauon favors the diagno- 
sis of pyogenic osteomyelitis Bone neoplasms panic 
ularlr Emng s sarcoma, often resemble chronic ostei 
tis pyogenic or tuberculous so closely that these 
three cxindjtions cannot be clearly differentiated with 
out biopsy The conclusive identification of these 
chronic bone lesions is too important to be left to sta 
tisbcal speculations by even the most expert observ 
ers Shrewd roentgenographic interpretation may 


Fig B 662 (left above on facing page) — Tuberculousdaphysi 
tis ot the femur in a boy 21 months of age in (hem Pole third of 
the shaft is a long segment of cystic rarefaction (arrows) The in 
ner surface of the overlying cortex Is eroded and a narrow layer 
of involucrum covers the shaft externally Epiphyses and mela 
physes are not affected Disseminated tuberculos $ was demon 
strated at necropsy 

Fig 6 663 -Benign mult pie tuberculous diaphys ts in a boy 
18 months of age with cold abscesses on the dorsal surfaces of 
the hands A lower extrem t es The left t bia and right libula ere 


swollen the medullary canals are d fated and the overlying eon 
cans IS thickened by lnvo^JCrum formahon B feif upperextremi 
ly The dstal half of the humerus is swollen into a sausage- 
shaped contour and the conex is th ckened the medullary canal 
IS d lated and exh b Is cystic rarefact on The prox mal hall of the 
ulna IS swollen d lated and Irregularly cyst c its conical s Is 
tMckened The 5th lelt metacarpal is swollen and irregularly os- 
teoporotic All of these les ons healed slowly but completely In 
t Ims made two years later the skeleton appeared to be normal 
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prove correct m a satisfying percentage of a large 
group of cases and, notwithstanding, be catastrophi 
cally incorrect in a single case 

Metaphysttts and epiphysitis -These are charac 
tented roentgenographically by patches of dimm 
ished density with and without regional sclerosis in 
the juxtaepiphyseal segment of the shaft and in the 
ossification center (Figs 8 660 and S-661) These 
shadows are cast by defects and thickenings of the 
affected spongiosa and overlying corticalis Small or 
large segments of involucrum may surround the met 
aphyseal lesions When the joint is involved the in 
creased synovial fluid and thickening of the articular 
tissues cast a diffuse shadow of increased density 
Atrophy of disuse is a constant feature of the bones 
when movement has been limited for more than a 
few weeks The location of the destructive lesions In 
the metaphyses and epiphyses is usually marginal 
but may be central The joint space ts characteristi 
cally well retained in the early phases of lubercu 
lous arthritis, early narrowing of the articular 
space favors the diagnosis of pyogenic infection 
(Phemister) 

Tuberculous diaphysitis —Not infrequently the 
tuberculous inflammation in a long bone t$ limited to 
the intermediate segments of the shaft and the meta 
physes and epiphyses are not affected This diaphy 
seal reaction probably results from onguial Implanta 
Qon of the infection near the nutnent canals, in some 
cases, however, the shaft Involvement may merely be 
a residue of an earber metaphysicis which has been 
buned deeper in the shaft owmg to later growth of 
the epiphyseal cartilage away from an initial meta 
physeal lesion Tuberculous diaphysitis is usually not 
associated with conspicuous clinical signs and spon 
taneous complete heahng is the rule Long segments 



of the shaft exhibit destructive and productive 
changes (Figs 8-662 and 8-663) The cortex may be 
eroded on its internal surface and thickened external 
ly In massive lesions the medullary cavity is widely 
dilated and the shaft has a spmdle shaped external 
contour with a diffuse central rarefaction Sometimes 
these sharply defined rarefactions present the roent 
gen appearance of cysts, which has given nse to the 
term "cysoc tuberculosis of bone,’ a superfluous and 
misleading designation for destructive tuberculosis of 
the shafts In other cases the productive changes 
dommate and the bone appears sclerotic owing to the 
extensive cortical Ihickcmng In the short bones of 
the hands and feet this same lesion is called spma 
ventosa (Fig 6 664) 

Growth disturbances are not uncommon in bone 
tuberculosis Shortemng and elongation result from 
the same mechanisms as those descnbed for pyogen 
Ic osteomyelitis Single and multiple transverse Imes 
develop frequently 

An important comphcation and sequel of tuberculo- 
sis and other lesions at the hip is premature fusion of 
the primary and secondary ossification centers at the 
distal end of the same femur and at the proximal end 
of its opposing tibia This stops growth and often 
leads to crippling shortemng The femur may fuse 
without concomitant fusion of its compamon tibia 
Dobson encountered ipsilateral fusions at the knee in 
23% of all patients younger than 15 years Kestler 
cited examples of hip disease other than tuberculo- 
sis. ui which premature fusion developed at the Ipsi 
lateral knee Pathogenesis is obscure It has been 
suggested that early fusion results from rupture of 
the epiphyseal plates due to loss of the supportmg 
spongiosa and cessauon of endochondral bone forma 
non in the affected metaphyses 

Curranno found premature fusion of the epiphyseal 
ossificanon centers of the metatarsals and of the 
femur and ubia at the knee to be a common sequel of 
pobomyetins The cupping of the metaphysis and over 
growth and premature central fusion of the epiphy 
seal ossification center were similar to the findmgs in 
trauma vitamin A poisoning {see Fig 8 729) and af 
ter purulent mctaphysitis (see Fig 8 654) Slee studied 
28 patients who had premature fusion of the epiphys 
eal ossification centers in the knee. 11 had tuber 
culosis of the ipsilateral hip 13 had poliomyelitis of 
the legs and 4 had been treated for congenital dis 
location of the hip All patients had had prolonged 
immobilization of the legs and the bones were rare 
fied This expenence suggests that therapeuuc com 
plete immobilization of the legs should be as bnef as 
possdite 

Kneger and associates reported two cases of chron 
ic Inflammatory disease in the lungs and bones which 
appeared to be due to atypical mycobactena 

Sarcoidosis -This condition also known as Bes 
raer Boeck disease, is a chronic granulomatous in 
flammation which affects the bones of children occa 
stonally and of infants rarely The causal agent has 
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not been estabbsbed Some pathologists hold that 
sarcoid is a non necrotic form of tuberculosis others 
believe that it is a pecubai reaction to the tubercle 
bacillus while others are of the opinion that sarcoi 
dosis is a specific reaction to an unknown virus The 
skin lungs and lymphatic structures may be affected 
as well as the bones 

The most charactenstic skeletal lesions are small 
destructive cystic areas in the distal end of the phal 
anges metacarpals and metatarsals (Fig 8 665) 
Extension to the neighboring joint spaces and cold 
abscesses are said not to occur the overlying cortex is 
rarely thickened The differential diagnosis of saicoi 
dosis and tuberculous diaphysitis is always difficult 
roentgenographically and remains uncertain in some 
cases even after biopsy 
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Osteitis due to viral infections has not been 
conclusively proved The osteomyehtis which may 
complicate smallpox and is rarely seen m association 
with chickenpox and measles is usually due to sec 
ondary pyogenic organisms from the skin lesions In 
cat scratch fever osteolytic lesions in the skeleton 
were found in the ilium of a boy 5 years of age by 
Adams and Hmdman and in the neck of the femur 
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Fig S 666 -La ge oval sharply del ned defect nihe lemur of 
a boy 4 years of age who had had cat scratch lever lor si days 
(Redrawn from Col pp and Koch) 


(Fig 8-666) of a boy 4 years of age by CoUipp and 
Koch In the radiographic and anatomic study of Eeck 
els and Seynhaeve the bone lesions of smallpox- 
necrosis and resorption foUowed by fibrosis— were 
believed to be due to Ischemia and necrosis secondary 
to regional prohferatlve artentis rather than to the 
direct bacterial and viral infiammation of bone 
Cochran and colleagues studied an Insh boy 3 
weeks of age who was vaccinated and developed a 
severe local reaction at the sice of inoculation on the 
left deltoid region A few weeks later the left scapular 
region became swollen and tbe panent (hen went 
through a typical clinical and radiographic course of 
infantile cortical hyperostosis In this case the infant 
suffered from the two diseases— vaccima and infantile 
cortical hyperostosis successively— or the vaccinia 
vmis caused infantile comcal hyperostosis 
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Osteitis due to fusgus iNrEcnoivs js being rec 
ognized with increasing frequency especially in gen 
eralized coccidioidomycosis and histoplasmosis The 
radiologic changes are similar to those in chronic 
pyogenic osteitis and tuberculosis of bone The pnnci 
pal clinical findings are usually single or multiple 
painful and tender subcutaneous swelhngs which 
exhibu Iitde or no increase in local heat One or sever 
al of any of the bones may be affected Contrary to 
eaiber opmion fungus infections of the skeleton do 
not in themselves connote severe disease with certain 
death 

Blastomycosis m children produces chronic inflam 
matoiy reactions m the skin lungs and bones Gill 
and Gerald found distinctive fnffammatory changes 
in the calvana radiographically m three of tbeir six 
cases in children 
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Infantile syphilis -The reacnon of growing bone 
to syphibdc mfecnon is not unhke that of other 
chronic infections in many respects The spirochetes 
are implanted in the metaphyses and diaphyses and 
produce destructive and productive changes m the 
areas of destruction the marrow cells and bone are 
replaced by syphilitic granulation tissue The out 
aLandini' characteristic of infantile syphilis is the 
multiple bone involvement in severe cases nearly all 
of the metaphyses are affected but in milder cases 
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the changes may be hnuted to two or three bones 
usually the tibia femur and humerus 

In addition to the local mflammatory changes 
caused by the spirochetes trophic changes de\elop m 
the metaphyses which are due to the nonspecific gen 
erahzed effect of a severe disease on endochondral 
bone formation These trophic changes are seen at 
the cartilage shaft junctions and are responsible for 
the transverse-band appearance of the metaphyses m 
roentgenograms (Fig 8 667) Thickening of the epi 
physeal plate and atrophy of the juxtaepiphyseal 
spongiosa are the anatomic equivalents of the trans 
verse shadows The transverse stnped appearance of 
the metaphysis is an almost constant phenomenon m 
all severe diseases during the fetal penod and early 
infancy it is not pathognomonic and not diagnostic 
of syphihs although almost all patients with active 
infantile syphihs show some of these trophic meta 
physeal changes Moreover the administration of 
bismuth to the mother dunng pregnancy produces 
transverse bands of increased and diminished density 
in the metaphyses of the nonsyphihtic fetus which 
simulate the trophic transverse stnpmg found m syph 
vhtvc fetuses and newborns (see Fig 8-265) 

Engeset and co<workers emphasized that the pnnci 
pal changes in bone syphilis are deviations of the 
normal growth processes rather than specific destnic 
Dve and productive changes due to syphtLuc inflam 
ination They found Lttle evidence of formation of a 
specific syphiliuc granulation tissue in bones They 
agreed with Parrots conception of the metaphyseal 
changes m syphilis as nutritional (dyatrophie sjphiU 
tique) rather than uiilammatory They suggested that 
the older terms implying inflammation such as osteo- 
chondntis penosQCis and diaphysicis be replaced by 
terras indicative of purely dystrophic causation such 
as osteochondropenostosis or Parrot s syphilitic dys- 
trophy 

Roentgen appearance -Characteristically the 
syphihtic inflammation appears irregularly diffuse m 
taif-aiff tfte iftapfiysnr amf burflr 
the several bones affected (Fig 8 668) A cunous and 
conspicuous feature of skeletal syphilis is the absence 
of mvolvement in the epiphyseal ossification centers 
even when the most marked productive and destruc 
live changes are visible m the adjacent shafts Gran 
ular osteoporosis of the ossification centers is a nor 
mal finding during the first months of life and should 
not be interpreted as abnormal in syphihlic infants 

Metapfij/sifis -The juxtaepiphyseal segments of 
the shaft are usually the earhest sites of involvement 
and a vanety of changes develop in different cases 
and in the same case dunng different stages of the 
disease Rarely the metaphyses appear normal roenl 
genographically In other cases only the trophic 
transverse stnping of the metaphysis is evident The 
destructive lesions may be hmited to foci of rarefac- 
tion in the comers between the end of the shaft and 
the epiphyseal plate (Fig 8-668) In other cases a 
deep terminal layer of spongiosa in the metaphysis is 



Fig 9 S6B Syph 1 1 c panoste t s in an ntant 5 weeks or 
A uppe ext em ty B (owe ext em t e$ Focai de$t uct ye 
changesaevsble n the metaphyses and the shafts are cloaked 
n an ext a layer of subpenosteal bone 


destroyed which casts a deep uniform band shadow 
of diminished density extending the full tvidth of the 
shaft (Fig 8 669) In severe cases large lateral met^ 
physeal defects may extend deep into the shaft (Fig 
8-670) The cortex overlying these metaphyseal d? 
fects may be destroyed or thickened Lateral met^ 
physeal defects may be found in many bones At the 
proximal ends of the tibias they are almost withotit 
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Fig S 669 -Syphilitic meiaphyjitc in b pfflmsitrte Inlaot 1 
month cl age showng deep segmems of d m nished deosiy m 
the ends of the shafts The spongiosa in these segments has 
been replaced by radolucent syphilitic granulaloo tissue A 
upper extrem ty B lower extremities 


fail located on the medial aspects when they are 
symmetncal on the two sides they are known as 
Wimberger s sign The VVimberger lesions are often 
accompanied by symmetncal defects on the medial 
aspects of the distal ends of the femurs 
Pathologic fractures through destructive metapby 
seal lesions are not uncommon The terminal frag 
ment of the shaft with attached epiphysis may be 
displaced antenorly postenorly or laterally and im 
pacted into the shaft (Fig 8 671). A remarkable fea 
ture of congenital syphilis is the complete healing 
and normal growth without residual deformihes of 
these fractured and deformed metaphyses Rcsutu 
non of the normal alinement of the fragments takes 


place without application of orthopedic appliances 
Hie synovial tissues appear to be immune to syphi 
line infection dunng early infancy 
Occasionally the juxtaepiphyseal edge of the epi 
physeal plate is serrated and exhibits numerous 
prongs or spines which project into the epiphyseal 
cartilage (Fig 8 672) This jagged appearance is usu 
ally absent m mild cases and may not be present 
when severe changes are present in the shaft Park 
and Jackson showed that the individual projections in 
the saw tooth metaphysis are due to local extensions 
of calcification into the cartilage surrounding hyper 
trophied longitudinal cartilage canals The syphilitic 
saw tooth metaphyses may be closely simulated 
roentgenographically by the irregularly mmerahzed 
epiphyseal plate of early nckets 
Diophi/sitis —The long segment of the shaft inter 
posed between the termmal metaphyses may be unaf 
fected or show extensive destructive and productive 
changes Scattered focal cortical destruction gives 
nse to a patchy jnoth eaten rarefaction (Fig 8 673) 
In some cases the medullary canal is dilated into a 
fusiform contour (Fig 6-674) similar to that seen in 
cystic tuberculous diaphysitis (see Fig 8 663) Pro- 
ductive djaphysitis is evidenced by subperiosteal con 
ical thickening which is confined to one end of the 
shaft in some cases and extends the entire length of 


Fig 6 670 -Blisferal syinmstrietl destructive syph 1 1 e meta 
physilsol Ibe proiimsl ends of the tib ts (W mberger s sign) In 
an infant 2 tnonths of age On ine med al aspects of the t biu 
(arrows) are large areas of dastruet on of spongiosa and its ovar 
lying cortex In the left hb a tne mad al segment of the epiphyseal 
plate IS panitfly destroyed 
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Fig 8 671 (lelt) -Oest uct ve syph ? t c metsphys ts ol trie ra 
d us and ulna w th nfarctonand mpaeton nan nfani6weeksol 
age 

Fig B 672 (right) -The saw tooth or z giag metaphys s n a 



syph t c nfant 4 weeks of age F ne sp nes project ng f om the 
d stal end of the shaft of the ulna nto the ep physeal cart lage 
produce a se rated appea ance on the ep physeal ma g n of the 
ep physeal plate 


Fig a 673 (left) -Seatte ed deatruct ve syph 1 1 c d aphys t s n 
the rad ua and ulna Mu t pie areas of destruet on n the spong 
Dsa and cortex a a resports bie for the extens ve moth eaten rar 
efaet on 



Ftg 8 874 (right) - Destruci ve d aphys t s n a ayph 1 1 e nfant 
3 months of age show ng o atat on and th cken ng of the shafts 





1208 / SECTION 8 The ExtTemities 



Fig S 67$ —0 ffuse product ve syph 1 1 c d aphysl s A angle 
lay«r of hyperplast e cortex in a eyph 1 1 c nfant 6 months ol age 
B lamellated subper osteal th eken ng n a syph 1 1 c nfant 6 
months ol age 

the shaft m others The cortical thickening may be 
deposited in a solid single layer or may be iameUated 
(Fig 8 675) Hyperplasoc subpenosteal diaphysitis is 
simulated m prematunty healing nckets neonatal 
multiple contusion* inSanale comcai hyperostosts 
and in several unidentified nucntional states Resi 
dues of cortical thickemng commonly persist for 
months after the Infection has subsided and the de- 
structive foci have disappeared. 


Fg 8 67$ -Hype plast c syph 1 1 c d aphys I s In on niant 6 
months of age The 1st metatarsal in each fool shows Ih eken ng 
of the con cal s 



SmoH bones —The raetacarpals metatarsals and 
phalanges on occasion exhibit the same changes as 
the longer tubular bones (Fig 8-676) In the carpal 
and tarsal bones however roentgenograms rarely 
show syphihQc changes 

Healing syphilis -Dunng the treatment of young 
er infants with anusyphilitic drugs the skeletal 
changes involute slowly over penods of several weeks 
or months in contrast with the rapid subsidence of 
chmcal manifestations such as snuffles and cuta 
neous eruptions after a few days or weeks of treat 
ment TTie metaphyseal bands of increased and di 
mlmshed density arc buned progressively deeper into 
the ends of the shafts and gradually fade out The 
areas of destruction become smaller and the cortical 
thickenings are slowly resorbed the latter may per 
sist for more than a year Dunng the first three or 
four weeks of treatment however the destructive 
foci often become temporarily larger and the thick 
ened cortex becomes thicker notwithstanding the 
treatment and the concurrent improvement in clinl 
cal manifestations This initial transitory exaggera 
non of the skeletal lesions develops m our expert 
ence during pemciUin as well as dunng arsemcal 
treatment 

Diognom -During fetal life and the first postnatal 
weeks syphilitic lesions are usually confined to the 
metapbyses and consist of transverse bands of in- 
creased and diminished density which cannot be sat 
isfactonly differeotiated from the trophic changes 
found freguently in many nonsyphilitis fetuses end 
infants Destrucove metaphyseal lesions are most 
common in the penod between tbe let and €th 
months they usu^y heal during the first six months 
spontaneously or following treatment Diaphyiitis is 
rare dunng the fetal and neonatal penod it usually 
appears after tbe 1 st month and may persist into the 
second half of the 2nd year Relapses in the skeleton 
are rate between the 2nd and the 6th year 

As mentioned previously none of the syphilitic skel 
etal lessons is coaclusiiely diagnostic in itself Syphi 
hs however is the only disease except pyogenic bac 
leremja which produces polyostotic infiammatory le- 
sions dunng tbe early months of life The pyogemc 
bacteremias can usually be identified from the clini 
cal and bactenologic findings without difficulty The 
diagnosis of syphihs should be based on the evalua 
Uon of all of the findings— clinical serologic and bac 
tenologic The transverse striped appearance of the 
metaphyses is an unreliable diagnostic sign In the 
tubular bones of the hands and feef syphilis and tu- 
berculosis produce similar changes these two condi 
tions can be differentiated in the Lght of tuberculin 
skm tests and serologic tests for syphihs 
JmxNiLE SYPHILIS -When the syphilitic infant 
survives the bones heal completely PosonfantiJe le- 
sions probably result from reactivation of latent 
infections which were originally implanted m the fe- 
tal bones Dunng childhood inflammatory reactions 
may appear in any of the tubular bones the Qblas 



Infections of Bone / 1209 



rig. a 677 -Diftus« syphilit c disphy^ms in a girl S years ol 
age The cortex of the I bias and fibulae le thickened The areas 
of rarefaction m the thickened layers of cortex are doe to focal 
gummatous destruction 

however, are most frequently affected. As m all bone 
infections, the inflammatory changes in juvenJe 
syphilis may be both destructive and productive The 
most charactenstlc finding is diffuse or localized sub- 
periosteal thickening of the conex (Fig S-677) Thick 
ening of the anterior aspect of the proximal half of 

Rg. 8-678 -Cortical thickening and lameilatiorv in chrome 
pyogenic osteitis (proved) 



the tibia is responsible for the saber shin deformity, 
one of the important clmical stigmas of syphilis tar- 
da. The comcalis is usually thickened externally, but 
occasionally it may hypertrophy internally and en 
croach on the underlymg medullary cavity Gummas 
m the hyperplastic syphilitic cortex may cast sniall 
shadows of rarefaction Syphilitis, tuberculous 
chrome pyogemc diaphysius resemble each other, 
and they usually cannot be differentiated satisfact^n 
ly from the roentgen findings alone The lamellated or 
omon pee! appearance of the thickened corticalis is 
not pathognomomc of syphilis, for it may be a feature 
of nonsyphiiitic osteitis (Fig 8-678) 

Secondary pyogemc infection of the neighboring 
soft tissues, jomts and the bone itself may develop 
into gummatous osteitis owing to the extension of 
pyogemc oigamsms to these tissues foUowmg gum 
matous perforation of the skin Charcot jomts aje 
rare m juvenile syphilitics, the roentgen changes ^ 
identical mth those found in the acquired syphihs of 
adults There are no significant roentgen changes m 
the bones associated with chrome syphihtic hydrar 
throsis (Clutton jomts) 
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Misceixaneous infections —The skeleton may he 
mvolved m a number of rare infectious diseases such 
as leprosy, cchmococcosis, yaws, sporotrichosis, blais 
tomycosis and actmomycosis The diagnosis mu^t 
usually be based on the clinical and microscopic finq 
mgs rather than on the roentgenographic evidence 
The roentgenographic exammation is invaluable in 
demonstrating the site and extent of such lesions but 
there is nothing specifically characteristic in their 
roentgen appearance The roentgen picture is simil^ 
to that found in chrome pyogemc osteitis and tubei- 
culous inflammation of bone Allen, for example, in a 





1210 / SECTION 8 The ExtremiUes 


study of histoplasmosis found productive and destiuc 
tive changes m the bones which simulated those 
found m syphilitic Infants 
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Neonatal transplacental rubella syndrome 
originally thought to he limited to multiple congenital 
malformations of the eyes and heart is now known to 
include thrombocytopenic purpura, neonatal dwarf 
ism hypertrophy of the hver and spleen and radi 
ographic changes in the skeleton (Fig 8-679) Among 
Rudolph s group of 2S patients from Houston, Tex., 
more than half had bone changes Their exact nature 
is not known they may be inflammatory or trophic, 
either singly or in combination The recovery of po- 

Fig 8 $79 — Rad ographic changes in the bones ot a newttom 
due to transplacental rubella infection A on the 3rd postnatal 
day the il um Ischium femur t b a and I buta are irregularly 
mineral zed with large and smalt scattered patches of rarelac 
t on Deep transverse terminal bands ot ra efaetion lortg tud nally 
streaked occupy the metaphyseal zones The absence oi cortical 
thickening la noteworthy The mother had typical dm cal rubella 
during the first tnmester of the pregnancy The Infant bom alter 
gestation of weeks had thrombocytopenic purpura Rubella 
virus was Isolated from throat awabs Serologic tesla for syph I a 
were negative for infant and mother B, on the S2nd postnatal 
day the bones are normal radiographically (Courtesy of Or Aar 
onR Rauaen Elmhurst N Yj 



tent virus at birth and as late as 18 weeks after buih 
Id combination with active thrombocytopenia and 
purpura and hypertrophy of the hver and spleen mdi 
cate that the lesions m the bones could represent ac 
tive inflammation of bone Metaphyseal trophic 
changes are, however often found in nonmfectious 
diseases such as hemolytic disease of the newborn 
(see Fig 8-791) Viral osteitis in rubella or motbiUi 
contracted after birth is all but unknown 
Rudolph and associates concluded that the bone 
changes in rubella are due to metabolic and nutrition 
al disturbances rather than direct inflammation of 
the bone Reed after microscopic study of metaphy 
seal raiefactions suggested that disturbance of 
growth rather than inflammation is the probable 
cause of the metaphyseal rarefaction seen in radi 
ographs Massive calciilcation of the penphenes of 
both cerebral hemispheres was found by Harwood 
Nash and associates m an mfant 9 days of age who 
had longitudinal stnpmg of the metaphyses which 
suggested prenatal rubella (see Fig 1 240) 

Graham and colleagues and others found that the 
radiographic changes in the skeleton were similar m 
prenatal rubella and prenatal cytomegahe inclusion 
disease It is probable that similar skeletal changes 
occur in all fetal vual infections The changes are 
trophic rather than inflammatory and simulate the 
changes in prenatal spirochetal infections (syphibs) 
and prenatal dystrophy such as hypopbosphatasia. 
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Infantile cortical hyterostosis is a disorder 
affecting the skeleton and some of its contiguous fas- 
ctas and muscles The cause is unknown and the 
pathogenesis obscure It is discussed here under skel 
etaJ infections because many patients have severe 
and protracted fevers and in most, erythrocyte sedi 
mentation is increased Another feature suggesting 
an infectious ongm is the occasional presence of a 
cellular pleural or extrapleural exudate in association 
with contiguous costal hyperostoses The intense ear- 
ly polymoiphonuclear reaction in the penosteum 
contiguous to fasaas and muscles is also highly 
suggestive of infection. 

Hie presence of acute inflammatory changes In the 
penosteum (Eversole el al ) the apparent immunity 
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engendered early in most cases, the demonstration by 
Dalldorf of a virus ivhich has an affinity for the man 
dible as well as other bones of hamsters infected with 
a filtrate from human tumors, the failure of the dis 
ease to respond to antibioucs and sulfonamides, all 
favor a viral causal agent for infantile cortical hyper 
ostosis, probably transmitted through the placenta 
at variable phases of gestation, possibly from fibroid 
tumors in the maternal uterine wall Some of the tea 
tures also raise the quesuon of an allergic reaction in 
the collagen tissues, espeaally the stnking response 
to adrenal corticosteroids and the high sedimentation 
rates The almost explosive onset in some cases sug 
gests angioneuroQC edema an intensely pruntic dis- 
ease, but pruritus does not occur m infantile coitica] 
hyperostosis The articular tissues apparently have 
not been affected 

In a study of multiple biopsy specimens from one 
patient, Sauterel and Rabinowicz were impressed by 
the hyperplasia of collagen fibers and their fibnnoid 
degenerauon They concluded that the disease is pn 
manly an early extra articularcoUagen reaction m the 
cortexes of the bones and in the contiguous striated 
muscle, fibrous tissue and blood vessels If this hy 
pothesis is correct, infantile cortical hyperostosis is 
Vhe first example of prenatal collagen disease There 
are, however, many other possible causal agents 
which need invesQgaaon, these should mclude all of 
the factors introduced into human living which might 
poison a pregnant woman and then her fetus by way 
of the placenta, such as increased use of tobacco by 
pregnant women, sedauie drugs— in fact all types of 
drugs used dunng gestation-cosmetics, soaps home- 
cleansmg agents and furmture polishes pesticides 
for the home and for pets to which pregnant women 
are exposed and the host of new preparations and 
matenals contmuously entering the home in the in 
terest of better hvmg 

The actual development of classic infantile cortical 
hyperostosis folloiving vaccima in one infant should 
always be remembered m a consideration of causal 
mechanisms and agents 

Thrombocythema was reported in three padents by 
Pickenng and Cuddigan They questioned the use of 
adrenocorticosteroids m the treatment of patients 
with high platelet counts 

We have seen one example of thickenmg of the 
mandible and swellmg of the penmandibular soft tis- 
sues in a kitten which simulated infantile cortical 
hyperostoses closely m radiographs If the cat is sus 
cepdble to this disease, it could provide many new 
avenues of investigation 

Since It was first clearly recognized and named dur 
mg 1945, infantile cortical hyperostosis has been 
widely reported, especially m the Uruted Stales, 
where several cases have been observed m almost 
every large chiuc It has occurred m all maimer of 
circumstances— in cities and rural commuruues m 
all kinds of climates m all seasons of the year, m all 
racial strains, in poverty and luxury, among the pn 


mitive and the cultured. The incidence in males and 
females is approximately equal, but there is a stnking 
age hirutadon In my opiiuon, there are no valid cases 
in which the onset has occurred later than the 5th 
month of life DeTom concluded in 1943 that the dis- 
ease was congemtal Several cases have been recog 
nlzed in utero On the other hand, most patients have 
been well for several weeks after birth and before the 
onset, in some of these, the skeletons were normal 
radiographically before the disease appeared clinical 
ly The average age at onset is about 9 weeks 

Morbid anatomy has been studied in biopsy speci 
mens, there are no recorded necropsy studies on vabd 
examples of the disease The hyperostoses are made 
up of normal immature lamellar bone with no subper 
iosteal hemorrhage The penosteum is usually greatly 
thickened and shows numerous mitotic figures with a 
sDcky mucushke edema. 

Eversoie, Holman and Robmson made the most 
comprehensive microscopic studies of biopsy speci 
mens both early and late in the disease They found 
that early, the lesion is confined to the penosteum, is 
actually intrapenosteal, consisting of numerous foci 
of polymorphonuclear leukocytes-an acute mflam 
matory reaction in a nchly cellular, everactive penos- 
teum The swollen, mucoid penosteum loses its pe- 
ripheral limiting fibrous layer and blends with the 
contiguous overlying fascias, muscles and tendons 
and disappears temporarily as an identifiable struc 
ture microscopically, blended with the overlymg 
connective tissues and the underlying osteoid trabec 
ulae which have extended penpberally mto the per 
losieum At the same tune, focal lesorpaon of some 
superficial layers of the underlying cortex takes 
place, so far as 1 know, this early destructive cortical 
lesion has not been observed radiographically It is 
dunng this early acute phase, when the penosteum is 
nchly cellular and has fused with neighboring struc 
tures that it resembles osteosarcoma. 

In the subacute phase, the penosteum re-estabhsh 
es Itself as an entity, with a penpherally hmiting 
sheet of fibrous tissue beyond the new bone which 
has fonned from the ectopic osteoid trabeculae, so 
that the latter becomes truly subpenosteaL In the late 
or remodelmg stage, the extra penpheral bone is 
gradually removed In radiographs, it is clear that this 
process always begins from tbe inside, resulting m 
dilation of the medullary cavity as the thickened cort 
ical wall is reamed out from the inside, and then 
remodeling shrinks the dilated thm walled shaft 

Often the changes m the penosteum extend directly 
into the contiguous fascia. The bone marrow is char 
actenstically fibrotic, without abnormal cells Neither 
bactena nor viruses have been cultured from the 
affected tissues, nor have serologic tests disclosed 
reactions to infections Sherman and Hellyer found 
obbteratmg mtimal proliferation in the small artenes 
in the region of the bone and fascial lesions Some 
believe that these artenal proliferations are the pn 
mary changes which lead to hypoxia in tbe regional 
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soft tissues and bone which In turn react to bypona 
by hyperostosis and soft tissue swelling 
The occurrence of the disease in siblings in twins 
and in cousins has raised the question of fanubal and 
possibly genetic transmission The immunity of all 
ifi/knts older tk&a 5 aionths H'ould ut Useif prerenl 
concurrent familial infections save in twins tnplets 
or quadruplets Veller and Laur reported the disease 
in an infant 9 weeks of age whose father had produc 
ave penostibs of unknown origin when he was 4 
weeks of age in 1929 This father was the pnstine 
case of infantile cortical hyperostosis described by 
Roske in 1930 Tampas and associates observed this 
disease in ten members of two generations of the 
same family during a penod of 14 years They also 
demonstrated that cortical thickenings in the skele- 
ton may persist or recur mto adult life as In one of 
their patients who presented pronounced thickenings 
at age 25 Holman and Gerrard claimed that several 
members of the family of one of theu Infant patients 
had also had the disease-one of two siblings father 
and mother, three maternal aunts and the history 


suggested that four siblings of the grandparents had 
been affected as well as one of their first cousins 
There are but three manifestations common to all 
patients hypenmtabihty swellings of the soft tis- 
sues and cortical thickenings of the underlying 
bones Tbe soit tissue swe'Qiiigs appear suddenlT st 
the onset and present a painful wooden hardness dur 
■ng the active phases of the disease They are always 
deeply situated and never extend into the subcuta 
neous fat early the swellings may be exquisitely 
tender but are never overly warm or discolored (Figs 
8 680 and 8-681) In Figure 8 682 the massive deep 
swellmg in the muscular masses in the left shank is 
seen such swellings represent the extension of the 
primary intrapenosteal reaction into the overlying 
connective tissues They appear chnically before the 
hyperostoses become visible roenCgenographlcally 
they subside and lose their tenderness long before the 
byperostoses become invisible rocnigenographically 
These swellings involute slowly without suppuration 
sometimes they recur suddenly m their onguial sites 
or in new sites either during or after the subsidence 




FI9- 8 Ml -Swelling of the forearm and reeurrenf swelling ®| 
the nghi side of the face m an infant S months of age The fa^ 
swelling first appesieil st ege 2 months the forearm OccafT” 
swollen at age 3 months The manOiOle and both bonas m • 
forearm showed massive hyperostoses at the time this 
graph was made (see Fig 8 689) All cervical axillary and cpit'*^ 
ehlear lymph nodes were normal 
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of the swellings which appeared at the onset of the 
disease Hie uneven protracted chmcal course of the 
disease with unpredictable remissions and relapses is 
one of Its most characteristic features and one which 
makes the evaluation of therapeutic agents uncer 
tain 

Among 24 patients. Minton and Elhot found edema 
and swelhngs around the orbits m 8 One patient had 
unilateral proptosis The authors estimated that per* 
loihital swellings around the orbits were evident be- 
fore the mandibular swellings in 6 patients 

Fever has developed m all patients with the excep- 
tion of a few younger infants, in two of our patients 
the temperature was carefully measured in all stages 
of the disease and fever was never found Other cimi 
cal features, present in some patients but lackmg in 
others, have been pallor, painful pseudoparalysis and 
»)Jci»ns3i, T}ie'_TM«si.«'£>jisiant.xv\sit\yp_laiharalory, 
ings are increased sedimentation rate of erythrocytes 
and increased phosphatase acavity of the blood se- 
rum, during active phases of the swelhngs and fever, 
these two laboratory findings are usually present 
Hemoglobm and the number of red blood cells were 
reduced m more than half of our patients Other labo- 
ratory studies have given uniformly normal results 
Ihe results of serologic tests for both bactenal and 
viral mfecdons have been consistently negative All 
attempts to culture bactena from the tissues and 
fluids of these patients have failed A complement 
fixation test for mumps was performed m one case 
and gave a normal reaction Campbell and Turner 
found pronounced renal aminoaciduria in one patient 
during the acute phase, it subsided promptly during 
treatment 


Fig 6-682 -Soft t ssue swelling m infantile eon cai 
hyperostosis in an infant 4 months of age The Oeep 
muscufar mass in the left shank is increased in volume and 
Its edges are shaggy which suggests the extension of llu'd 
or cellular proliferation into the interlobular seplums of Ihe 
subcutaneous fat Although the cartilaginous patella does 
not contain an ossification center it is enlarged and its 
edges are shaggy 
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the wrsts ind ankles and pbalanges have not been «*seived 
Pleurisy has been found only in younger infants who had associ 
ated costal th eken ngs 


Cortical hyperostoses have been demonstrated in 
all of the tubular bones of the skeleton except the 
phalanges and vertebral bodies Of the flat bones the 
mandibles scapulas ilia panetals and frontals have 
all shown sclerosis and thickemngs (Fig 8 683) Scap- 
ular lesions have usually been unilateral and have 
always appeared during the first half of the 1st year 
(see Fig 2 58) in a few instances the scapular hyper 
trophy and sclerosis of infantile cortical hyperostosis 
have been mistaken for malignant neoplasm by those 
unfamiliar with infantile cortical hyperostosis and 
radical surgical removal of the entire shoulder girdle 
advised In the interesting example reported hy Clem 
ent and Wilhams a hard swelling on the nght side of 
the nose was the first clinical sign and the nght nasal 
bone was swollen and sclerotic in radiographs Ex 
ophthalmos developed early in one patient observed at 
the University of Michigan Ipstlateral eventration of 
the diaphragm developed in two of our patients who 
had scapular hyperostoses (Fig 8-684) In only a sin 
gle patient have we seen bilateral massive hyperosto- 
sis of the ilia (Fig 8 685) in this case the pubic and 
ischial bones were not affected Of all of the bones 
(he mandibles clavicles and ulnas have been in 
volved the most frequently The mandibular lesions 
frequently fluctuate widely in extent and activity and 
roentgenogiaphically have been mistaken for puru 
lent osteitis and surgical drainage advised (Fig 8- 
686) Clavicular lesions may be unilateral or bilateral 
The ulnas are the most commonly affected of all the 
bones in the extremities and axe often extensively 
sclerosed when the companion radiuses are normal 
(Fig 8 687) 

Corneal hyperostoses are usually most prominent in 
the lateral arcs of the nbs (Fig S 688) In the lower 
extremities dtsmbunon is asymmetncal and m the 
arms and legs the larger hyperostoses often present 
conspicuous marginal irregularities (Figs &>68d and 


Fig B 684 -Ipsilaleral bype oslosis of the r ght scapula 
and eventration of the right side of the diaphragm in a 
patient 9 weeks ot age who had class c infant e con cal 
hyperostosis The face and jaws had been swohert tor 10 
days and movements at the right shoulder limited for three 
weeks We have seen ipsilaleral scapular sclerosis snd 
evertration ot the d aphragm m three pal ents m one the 
eventration was st II marked at S years of age four years 
after all of the bone les orts had d sappeared 
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Fig. 8-688.— Costal hyperostosas A, early bilateral muiiipie 
thickenings of the nbs with underlying pleural enudale in an in- 
fant 14 weeks of age B, older multiple costal hyperostoses m an 



infants months of age The lameilations are a sign that the hyper- 
ostoses are old and beginning to involute 


Rg. 8-668. -Massive cortical hyperostoses in tubular bones of 
the extremities A, In the legs of an infant u weeks of age The 
arrows point to thick swellings in the soft tissues of the thigh 6. 
in the forearm of an infant 5 months of age (shown m fig 8- 



68t) In all of thase hyperostotic bones there is striking absence 
of the metephyseai changes almost invariably present in infantile 
scurvy and syphilis The coarse and deep marginal irregularities 
in many of the hyperostoses are noteworthy 
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Fig B 690 (left) - Deep marg nal irregufartties >n thick lemorat 
hyperostoses in an infant 4 months of age in whom facial swell 
tng and mand bular thicken ng f rst appeared in the ?nd month of 
life Arrows point to small marg nal hyperostoses in the ihum 
(Courtesy ot Dr J B B Ider&aek Portland Ore ) 

Fig. 8 69t (nghl) - Parietal hyperostosis in en infartt 4 mortths 
of age The other parietal mand ble clavicles and several nbs 
Showed hyperostoses (Courtesy of Dr fl K Whipple Provi 
denee R N 


8 690) Thickenings in the calvana have been idenQ 
fied in several patients (Fig 8 €91), and it seems like* 
ly that many inconspicuous lesions in (he calvana 
have been overlooked Corneal thickenings on (he 
margins of the antenor fontanel may simulate bulg 
ing of the fontanel owing to increased intracranial 
pressure the residual thickemngs of earlier unrecog 
mzed conical hyperostoses may be the explanation of 
some of the thickenings at the antenor fontanel 
which are seen occasionally in asymptomauc chil 
dren In one patient 3 months of age, massive (hick- 
enmgs and scleroses developed in the ilia (Fig 8 692) 
So far as I know, hyperostoses in the round bones, 
phalanges and the vertebral column have not been 
desenbed In the mterests of accurate diiferential 
diagnosis it should be remembered that, in contradis 
tmction to nckets and scurvy the lesions of infantile 
cortical hyperostoses are confined to the shafts, and 
the metaphyses and epiphyseal ossificatiim centers 
are normal roentgenographically Clmical and roent 
gen recovery is usually complete after several weeks 
or months, hyperostoses are usually invisible within 
12 months after the swellings in the soft tissues and 
the fever have subsided. Sometimes the hyperostoses 
disappear within three months During healing the 
cortical thickenings may become lamellated, we have 
never seen lamellation early m the disease 
The serial changes in the formation of the hyperos- 
toses are quite different from those of scurvy, osieo- 
myehtis and trauma In the last named lesions, a thin 


shell of bone forms first over the soft tissue swelling 
separated from the shaft by a deep strip of water 
density In infantile cortical hyperostosis, new bone 
fonnadon begins m the soft tissue swelling directly 
contiguous to the original cortex, becomes progres 
sively more dense and then is capped later by a dense 
shell of limiting bone Eversole, Holman and Rohm 
son found this to be true in microscopic sections of 
biopsy specimens 

It IS possible, even probable, that most of the mild 
cases of infantile cortical hyperostosis are overlooked 
clinically and are never exammed radiographically 
After a short course of nuld fever, these patients re- 
cover without a sadsfactory diagnosis Shght swell 
mgs of the mandible are exceedingly difficult to pal 
pate in the deep subcutaneous fat of the infantile 
jaw, as are deep shght swellings of the ribs and long 
bones in the extremides Many of the unexplamed 
^ coracal hyperostoses encountered radiographically in 
' well infants may be residuals of earlier and mild un 
tecogiuzed infantile cortical hyperostosis Some of 
these are also, of course, due to unrecognized trauma 
The distrlbudon of the bone lesions is one of the 
most diagnostic features of mfantile cortical hyperos 
tosis If the disease were ever confined to one bone, 
other than the mandible, it would be impossible to 
idennfy it with certamty In our expenence, cortical 
hyperostosis of this type in one bone is usually due to 
trauma except in tbe mandible There is great need 
for a speafic cutaneous, serologic or chemical test 
I have seen one example of bilateral focal desmic 
tion of the frontal squamosa (Fig 6 693) 

Chronic infantile cortical hyperosfosii -Occa 
sionally active disease may persist and recur inter 

Fig S 692 -Massive marg nal ^yoerostoses on tfta lateral 
edges of the iiial wings Tne lesions slop short ot the laces of the 
acetabular cavines and crests o! the ilia The patient 6 weeks of 
age had classic signs of the d sease w th thick hyparostoset In 
(he mand pie and several long bones (Courtesy of Dr W P Yar 
trough Greene Miss ) 
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Fig 8 894 — R«$>0uai dilatat on of the medullary cavity w th 
thinning of the coriical walls m the sites of earlier thickening due to 
hyperostosis It months after onset of the disease in a black g rt 1$ 
months oi age A, the attecteO right leg 6 the left leg which wa9 
never affected The right femur shows the same dilatation as In tno 
tibia and fibula but its hyperostoses are only partially resorbed At 
32 monthsthese abnormal bones had reshap^ themselves and titsif 
cortexes had thickened to normal proportions 
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Fig 6 69S - Multiple costal cortical hyperostoses w th >es dual 
bony bridges between the Sth and 6tri and 6th and 7th lett nbs 
A, at 4 /> months lour weeks alter onset during the active phase 
w th mult pie bilateral hyperostoses in the nbs and a long tud nal 
strip o1 water densty along the inner edges o1 the nbs whtt^ 


suggests either intrapleural or extrapleural llu d B at 9 months 
after subsidmce ol all general and local manilestat ons there is 
stilt more d latat on of the r bs and bridges of bone have formed 


nattently for years twth cnppLng defomunes m the 
extremities and markedly delayed muscular and mo- 
tor development In long standing cases the hyperos- 
toses appear to be reamed out from the inside pro- 
ducing a thinwalled bone with a large mcduBaiy cav 
ity (Fig 8 694) These swollen delicate bones then 
slowly reshape themselves into normal contours with 
gradual concomitant thickenings in the cortical 
walls When excessively large hyperostoses alTect 

F(g 6 696 - Residual bony bridges between each radius end 
ulna A massive eort eal thickenings of the radiuses and utnas at 
4Vi months of age Pressure from the external thicken ngs has 
forced the rid el heads latarad out of the elbows B, at 12V> 
months nine months afisr onset ell affected bones are si II 
greatly swollen owing largely to d Isiat on of (he medullary cavi 
ties although there are still res dues of Ihe earl er cortical th ck 


parallel neighboring bones such as the nbs or the 
radius and ulna, pressure may lull the contiguous per 
losteums with local fusion of the corneal walls which 
act as interosseous bndges (Fig 8 695) IVhen the 
radius and ulna are brought under such stresses the 
radial head may be dislocated with senous loss of 
function (Fig 8-696) Scott reported such a case of 
radioulnar synostosis with dislocation of the radial 
heads Ventral bowing of the tibias may persist well 

en ng The rediii heads are st II d sloeated and ths rsd sf shafts 
are now anchored in th s ectopic position by solid bony bridges 
between them end the ulnar shsits-i single bridge on the rght 
and three on the lefi At 32 months these bridges were still intact 
although they had dim n shed si ghily in cel ber It is possib e 
that these bony bridges represent oss fieation el the intaroa 
seous membrane 



F 9 8 697 — Lat« res dual changes n the nand ble <n ch on e fever pa n and swei ng on the r ght s de of the face The rest of 
recurrent ntant la cort cal hyperostes s A and C res dual ih ck the ske eton had no reeu ranees B no mal left s de of the mand 

an ngsandscleros a of the r ghts de of the mane Olein a pat ent ble 0 late al p oiecion of the mand ble of a boy 6 yea a of age 

7 years of age who had the class e dsease or g Rally atS months who last had act ve d sease at age 6 months The usua y sharp 

of age Arrows po nt to the mand bular th ckenngswhch came sp Kel ke co onod process s sclerosed end swollen nto a b unt 

and went at ntervals Ql tour to am months wth recurrences ol hump 


into the 4th year from early infantile hyperostoses of 
the ventral cortical walls of the abias 
In one case the disease persisted recurrently in the 
mandible and the soft tissues of the ^aw from early 
infancy into the 7th year of life During the 3rd 
month the mandible both clavicles and several nbs 
became thickened The clavicular and costal lesions 
cleared after a few weeks but swellings in the jaw 
recurred at irregul^ intervals with persistent sclero- 
sis and thickening of the mandible which was still 
marked when the patient was last seen at 7 years 
(Fig 8-697) In (he puzzling case of Altman and 
Pomerance the radiographic changes suggested both 
infantile cortical hyperostosis and Engelmann s dis- 
ease but clinical evidence and the hndmgs at biopsy 
did not support either of these diagnoses 
Treatment did not appear to be very important in 
the early mild cases tVhen however chrome and 
fatal cases began to appear it became obvious that 
early effective treatment was highly desirable Fortu 
nately corucosteroids became available at about the 
same time these agents have proved remarkably 
effecuve in all forms and all stages of the disease 
Often the clinical signs disappear and the sedimenta 
bon rate of the erythrocytes falls to normal after two 
or three days of treatment with the steroids We treat 
allpabentsin a daily dosage of about 100 mgof corb 
sone for a immmum of 10 14 days then taper the 
dose to prevent rebound teacuons which hate been 


severe in some cases in which cortisone has been 
stopped suddenly 

Bose reported the first cases from India in 1962 
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Iifioptithic cortical hyperostotis (Goldbloom) was 
observed m two unrelated children, 10 and 14 years 
of age, who had fever, pain and tenderness in bones 
and stopped walking The serum gamma globulin 
content in one patient was increased with an increase 
in the IgG fraction Plasma cells were overabundant 
m the bone marrow The cortical walls were thick 
ened externally in the long tubular bones and in the 
tPAndJilfl. Thftse.ca/lingra^hic changes subsided grad 
ually over several months after the fever subsided 
The mandibular involvement and the nature of the 
individual lesions raised the question of infantile type 
of cortical hyperostosis in older children 
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thickenings associated with infectious mononucleo- 
sis 
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Avitaminoses 

Rickets —This disease of infancy and childhood is 
charactenzed by the failure of calcification of grow 
uig cartilage and bone The prmcipal causes are dep- 
rivation of the short ultraviolet radiations of sunlight 
and deficiency of vitamin D in the food Unknown 
constitubonal factors m different individuals also 
play an important causal role in the individual sus 
ceptibibty to nckets and in the vitamin D require- 
ments for Its cure Prematurity is an important pre- 
disposing factor In a small proportion of cases of 
nckets the pnmary defect is in the patient's metabo- 
bsm rather than in his environment Cases of endoge- 
nous nckets of this type are usually associated with 
long standing ren^ failure, chronic acidosis and 
more rarely hepatic and pancreatic disease Contnb- 
utory causal factors include the quantities and ratios 
of calaum and phosphorus ui the diet, the velocity of 
growth of the individual and the ultraviolet ray filter- 
ing power of the atmosphere Failure of calcification 
and the demineralisation of the growing skeleton are 
due to an insuiHnent supply of the inorganic compo- 

Fig 8 69S - Mild es'ly nckets in en Infant 3 months ol tje 
The provsional zones ol eslcifieation at the dstal ends of the 
ulna and radius era irreoutariy mineralized and frayed The distal 
end ol the ulna is cupped but the distal end of the radius is 
straight si gm spreading of the distal ands ot both bones is evi- 
dent The shsfts are diffusely osteoporotic and the texture of the 
shatts rs coarse There are no visible changes in the proximal and 
of either Oone where growth is slower than at me d stal end 
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nents of bone in the blood and body fluids the inor 
game phosphate concentration of the serum is re 
duced to less thaui 3 5 mg/100 cc of serum but the 
blood calcium is unaffected except in cases of rachitic 
tetany The main action of vitamin D is to promote ab- 
sorption of calcium from the gut and in severe vita 
min D deficiency nckets calcium absorption from the 
intestine is so reduced that there is httle or no cal 
ciura in the unne 

Roentgen findings —These are the shadow images 
of the gross structural changes In its eaihest stage 
nckets is not detectable roentgenographically hislo- 
logic changes are_evident m the bones an d chemical 
cha nges develop in the blood serum several week s 
pnor t o the appearance of conclusive roentgen 
changes The distal ends of the ulna and radius are 
the optimal sites for the de monstration of the earbest 
lesions sigmficant changes are often visible m the 
ulna when the radius appears t^emormal The pnn 
apal diagnostic features are tl fe-rarefaction and ir 
regular fraying of the p rovisional zone of calcificatio n 
(Fig 8 698) The normally sharply defined provisional 
xone of calcificauon fades out indistinctly into the 
soft tissue density of the adjacent epiphyseal canj 
lage The affected metaphyses may be concave and ^ 
shghtlv widened ' Luopi nz ot tne oist^ end of the 
ulna in younger infants is not necessarily abn ormal 
for It has been observed in some nonraclupc infan ts 
during the first months of life Sigmficant changes m 
the shaft are often absenrWhen changes are first de 
tected in the metaphysis rarefaction of the shaft 
becomes evident a few weeks later The early mcia 
physeal changes offer great difilculty for conclusive 
ev^uation they are best interpreted in retrospect 
from senal films 

In more advanced stages the roentgen findings are 
pathognomomc ana tne diagnosis can be made imme 
diately on inspection of the films The diagnostic 
signs are similar to those m the ear ly stage they are 
merely more marked The shadow of the provisional 
zone of calcification is absent and the terminal seg 
ment of the shaft— the rachitic metaphysis— is par 
tially or totallj_invisible (Fig 8 699) this is seen only 
in nc kets Owing to the nonvisualizauon of the uncal 
cified rachitic metaphyses at each end of the shaft 
the visible calcified portion of the shaft is shortened 
longitudinally for the same reason the space be 
tween the visible end of the shaft and its neighboring 
epiphyseal ossification center is deepened This ab- 
normally deep radiolucent shadow between the epi 
physeal ossification center and the end of the shaft Is 
cast by the mtermediate rachibc zone and is pathog 
nomomc of nckets The end of the shaft fs smooth in 
some cases and irregularly frayed in others When the 
frayings are long and longitudmally paraUel the pat 
tern resembles the bnstles in a brush 
The end of the shaft may be straight or hollorved 
out into a concave cuplike central depression Cup- 
ping is common m both ends of the fibula and m the 
distal ends of the ulna^and tibia the distal end of the 


radius is far less frequently affected than the distal 
end of the ulna These concavities however are nev 
er found m the bones at the elbows and rarely m the 
bones at the knees Cupping and spreading of the 
ends of the shafts are regularly absent in some of the 
severest cases of nckets— the atrophic type (Fig 8 
700) in which poor muscular power permits httle ac 
bvity of the extremities In well nounshed rachitic 
infants with relatively good muscular power who 
crawl and walk cupping and flaring of the ends of 
the shaft are common features In all cases cupping 
and spreading become more conspicuous roentgeno- 
graphically when the disease is partially healed (Fig 
8 701) 

The changes m the shaft develop concurrently with 
those m the metaphyses The entire shaft shows a 
diffuse rarefaction caused by the loss of linie“The 
cortex IS thin and its texture coarsened (Fig 8 700) 
The mesh of the spongiosa coarsens owing to the 
complete decalcification and disappearance of the 
finer secondary trabeculae when the cortex is mark 
edly thinned the underlying spongiosa is more con 
spicuous because the heavy superimposed shadow of 
the normal cortex has been partially removed Green 
sock fractures of the cortex are not uncommon even 
in moderately severe cases Sometimes sharply de- 
fined radiolucent transverse bands or Umbattzonen 
axe found in the shafts (Fig 8 702) these are more 
common in juvenile nckets Their anatomic structure 
has not been adequately studied 

The epiphyseal ossification centers and the carpal 
and tarsal bones show roentgen changes similar to 
(hose in the tubular bones The margms of these 
rounded bones which are analogous to the provision 
al zones of calcification of the tubular bones disap- 
pear and the spongiosa becomes osteoporotic In se-| 
vere cases the ossification centers may become invisi j 
ble dunng the active stage of nckets and reappea^ 
when they are recalcified dunng healing 

The first evidencp of bpalmg is the reappearance of 
the pro visionai zo ne of calcificatio n (see Fig 8-699) 
Tne recaJcth&d provisional zone of calcification casts 
a transverse linear shadow of increased density in the 
rachitic metaphysis beyond the visible end of the 
shaft at a level the epiphyseal plate would have 
reached had there been no nckets The radiolucent 
rachibc metaphysis interposed between the newly 
calcified provisional zone of calcification and the visi 
ble end of the shaft is still not mmerahzed and casts 
a shadow of soft tissue density As healing continues 
the new provisional zone of calcification thickens into 
a transverse band at the same bme the metaphyseal 
spongiosa is gradually recalcified and fills in the pre 
viously radiolucent intermediate tachibc zone and 
the shadow of the metaphyseal spongiosa fuses with 
that of the provisional zone of calcification This re- 
calcification of the terminal segments of the shaft 
produces a false appearance of rapid increase in 
length of the shaft Analogous changes develop con 
currently m the epiphyseal ossification centers a 
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Fig 8 700 —Severs atrophic or hypoplastic rickets m a black 
infant 16 months of age films of necropsy specimens of femur 
and ttOia The ends of the shafts are not deeply frayed and there 
IS no cupping and spreading absence of these features <s char 
aetenstic of atrophic rickets Coarsening or trabecuiation of the 
entire shafts is clearly demonstrated It is due pnncipaifyto loos 
ening of the lamellar structure in the corticaiis rather than to 
coarsening of the spongiosa the coarse texture is marked in the 
middle third of the shafts where there is little or no spongiosa. 


marginal nng shadow of increased density appears 
which gradually thickens and fuses with the central 
mass owing to a gradual mcrease m density of the 
submargmal zone In the shaft the spongiosa! mesh 
-KsA ■««««. 

Healing of the corticaiis is usually slower and less 
conspicuous roentgenographically NVhen. however, 
thick layers of osteoid have been deposited under the 



Fig 8 701 -Exaggeration of cupping and spreading drihng 
the healing stage of nckets A, typical atrophic nckets pnOi* to 
treatment and healing 16 days after inception of treati^snt 
the partlaify recaleified healing metaphyses show marked ih 
crease io cupping and spreading The length of the shafts ^Ise 
appears to be increased because the previously invisible ni*t* 
^yseal caps on the ends of the shafts have now become visi^^^ 


penosteum in the peripheral layers of the compa^tAi 
recalcificanon of tins osteoid discloses a diffuse ciinl 
cal envelope which may be of uniform densit)' ot 
lamellated (Fig 6 699, £) The cortical changed tn 
healing nckets often simulate those of syphiliUc pTO* 
ductive diaphysms (osteoperiostitis) 

Occasionally the direction of recalcification of the 
rachitic metaphysis is reversed, it begins on the 
shaTtward margin of the metaphysis and progresses 

seal cartilage, the provisional zone of calcification 
thus IS calcified last and after the metaphyseal ele- 
ments have become opaque (Fig 8 703) In other 


*-Fig S 699 —Advanced hyperpfastic rickets showing active and 
healing stages m the forearms (A, C and E) and legs (B, D and F) 
A, act ve stage before treatment^ The sfialts are diffusely osteo- 
porotic coarse in texture and grbenstick fractures are visible in 
the middle thirds Distal ends of both bones are spread frayed 
and cupped Provisional rones of calcification are invisibte The 
radial epiphyseal center is a small shadow barely visible (arrow) 
Tf(e zone between the ossification center and the vis ble end of 
the shaft is deepened The shafts appear to be short because the 
terminal rachitic metaphyses are invisible 

B, active stage in the tibia and fibula The changes are analo- 
gous to those in the radius and ulna The middle third of the fibu- 
la exh bits a greenstick fracture Both ends of Wie fibula are 
cupped The deep intermediate rachitic zone between the proxi 
mal end of the tibia and its epiphyseal center fs well shown De- 
formity and change in inclination of the distal t bial metaphysis 
are evident and growth is proceeding m a plane obligve to the 
long axis of the shaft 


C and D, heal ng after 34 days of treatment C, in the lore^tt” 
the pronsionat rones of calcification are partially recalcified snd 
located well beyond the ends of the shafts where they appea' 4S 
transverse lines of increased density D, in the tibia and fibt^l^ 
findings are sinalar to those in C Apparent increase in lengtft cf 
(he shafts in companson with B is due to recalcilicat on of 
rachibc metaphyses In each end of the bones wh eh were InVisi 
bfe dunng the active phase Increased spreading of the end^ Pf 
the shafts is due to the same phenomenon 

E and F. healing after 63 and 94 days of treatment respect've- 
fy E, In the forearm previously rachitic metaphyses are cdm 
pletely recalcified and radiolucent intermediate rachitic zo*^^ 
have disappeared Ossification centers are sharply defined an<1 fn 
normatly close proximity to the ends of the shafts Recalcifical'ott 
of the subpenosteal osteoid has produced a thick opaque erive- 
lope of cortex which surrounds the shafts (arrows) F, the ti^'4 
and fibula exhibit changes similar to those in E except that fits 
sulvenosteal cloaking is not so conspicuous 
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Fig 8 702 -Symmetrical traneveree rad oiucent bands (Urn 
bauzonen) in ulnar shafts 


cases scattered foci of calciilcauon appear at differ 
ent levels m the rachitic metaphysis and healing is 
effected by the enlargement and coalescence of these 
foci 

Rachitic seguelae -Complete healing and restora 
tion of normal structure are the rule in nckcts even 
when severe changes are present during the active 
stage Distortion and sclerosis of the spongiosa m the 


levels affected dunng the active disease are common 
after healing and usually remain visible in the same 
level of the shaft for years (Fig 8 704) Centra] rare- 
faction of the ossification centers also persists In 
many cases Cortical thickexung of the segment of the 
bone involved during the active stage may remain 
evident for years after heabng is completed particu 
larly on the concave surfaces of curvature deforml 
ties Most of the bowing and angulation deformities 
result from displacement of the epiphyseal cartilage 
dunng the active stage which gives nse to a change 
m its inclination and a change in the direction of its 
growth growth proceeds m the direction of the de- 
formity instead of In the direcDoji of the longitudinal 
axis of the shaft (Fig 8 705) Angulation deformiues 
may also be secondary to pathologic fractures early 
dunng the active stage The commonest deformiues 
in the lower extremities are knock knee, bowleg and 
saber shin 

Juvenile ricketf —The roentgen findings ate sum 
lar to those m the infantile type Roentgenograph 
ically one cannot differentiate the various types of 
juvenile nckets refractory vitamin D nckets and 
endogenous rickets present the same roentgen picture 
(Figs 8 706 and 6-707) 

The different types of protracted infandJe andjuve- 
mle nckets which are not due to deficiency of vita 
nun D. can best be classified according to the type of 
renal dysfunction which causes them Dent estab- 
lished two mam types The renal glomerular type is 
associated with impaired glomerular filtration and 
found in patients with chronic glomerular nephnds 
congemtal hypoplasia of the kidneys or congenital 
cystic kidneys or gradual destruction of renal paren 
chyma behind congemtal obstructive lesions In the 
lower urinary tract In such cases there is proteinuna 
with retention of urea phosphate and creatine In 

tubular nckets " in contrast the glomerular filtrate 
is normal but there is a failure of resorption of one or 
more components of this filtrate by the renal tubules 





Fig B 704 (left) - Chambering of the ana$ of rachitc shalts 
due to cacalcihcaton o( distcned and deformed soongiosa fo< 
low ng healing 

Fig 8 705 (right) -Pathogenesis of curvature deformities of 
the long bones m rickets drawings of roentgenograms A, active 
nckets in a patient 20 months of age The distal halves of the 
shatts appear to be straight The m ddie third of the uirta is 


bowed externally In the site of the mult pie greenstick fractures 
8 healing stage 50 days after A. Angulation detormitiee arF now 
evident at the junction of the calcifying metaphyses and the 
shaft before caicificst on the angulat ons were present bul 
invisible The bow ng deformity in the m ddle th rd of the ulna 
persists 



Fig 8 706 —Active refractory rickets in a girl 9Vi years of 
age who had bilateral severe symmetrical knock knees the 
serum phosphate value was diminished serum calcium 
normal and serum phosphatase activ ty increased All 
metaphyses showed longstanding rachit c changes most 
martied in the femurs and tiOias It is noteworthy that only 
the med at segments of these metaphyses are affecterf (A) 
8, the same knees n ne months after massive treatment 
with vitamin D heal ng is complete serum phosphate and 
serum phosphatase activity were normal at this time 
Numerous transverse lines deform thespongiosa in the 
terminal segments of all shafts 
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FI9 6-707 — Sh ft of a segment of active nckets wth shift in 
the longitudinal axis of weight bearing in the tibia A, at 4 years 
and 9 months bilateral bowed legs with active nckets confuted 
to the med al segments Of the femurs and tibias at the knees B 
at 5 years and 7 months following corrective osteotomy to me 
left tibia the act ve nckets has sh fted to the lateral segment of 
the t b al metaphys s because the longitudinal axis of weight 
bearing has shifted to the lateral segment in an overcorrection 


which has converted a bowed leg to a knock knee and the medi 
al segment has healed becausa it has been relieved of maximal 
weghf bearing for the same reason the (aieral cortical wall of 
the left iibia has th ekened and the medial wall has become thin 
ner In the uneorrected right tibia max mal weight bearing is still 
on the medial segment and the active nckets persists in the 
medial segment end its medial wall remains thickened 


The radiographic changes in these different types of 
nckets are similar, except that the signs of secondary 
hyperparathyroidism may be present as well, in the 
glomerular type of renal nckets (see Fig 8 824) 

Dent descnbed six types of tubular nckets accord 
ing to their type of tubular dysfuncaon and in ascend 
ing order of seventy of this dysfuncuon They are aU 
charactenzed by low values for serum phosphate and 
a high value for the clearance of phosphate from the 
serum In juvenile cystinosis, cystine crystals in the 
kidneys induce damage to the renal tubules and renal 
nckets in the skeleton Renal damage secondary to 
the disturbed copper metabolism m Wilson’s disease 
causes a rare type of renal nckets Dent and col 
leagues descnbed one patient with a most severe type 
of vitamin D resistant nckets and severe myopathy 
whose response to high doses of vitamin D was spec 
tacularly good, cbnically as well as biochemically 
Ordinary vitamin D doses of course, had no effect 
Owing to the exceptionally good response to treatment, 
the authors concluded that this type of nckets is dis- 
tinct clinically and biochemically from the usual "vl 
tamm D resistant nckets which does not respond so 
well to massive doses of vitamin D 
In the simplest type of ‘ tubular nckets ’ the sole 
deficiency is either the impaired resorption of pbos 
phate from the glomerular filtrate by the proximal 
convoluted tubule or decreased taicstinal absorption 
of calcium, which causes hyperplasia and increased 
secretion of the parathyroids which in turn is respon 


sible for the hypophosphatemia and nckets Such pa 
dents are usually in good health save for the nckets 
and complicatmg mechanical deformities These are 
usually mild and rarely appear until after weight 
bearing begins Treatment should be started as soon 
as the diagnosis is made to prevent stress defomudes 
These pauenis rarely if ever achieve normal stature 
even m the circumstance of early and successful 
treatment of the chemical changes In the serum and 
the radiographic changes in the bones They respond 
satisfactorily to large doses of vitamin D and the dis 
ease is usually called ’refractory" or ‘ resistant ‘ nek 
ets Hypophosphatemia, however can rarely be com 
plelely corrected without poisoning the pauents who 
are usually dwarfed before treatment is started and 
dwarfed when adult age is reached after otherwise 
successful treatment The term "phosphate diabetes ’ 
has been used by some This type is truly endogenous 
ang genetic, in the comprehensive studies of familial 
hypophosphatemia by Winters and colleagues in 
North Carolina, the disease was found to be nearly 
always inhented and usually congenital They also 
found an interesting sexual factor in that hypophos- 
pbatemic males usually had severe or moderate rick 
ets while hypophosphatemic females tended to have 
mild or no nckets 

In a study of 36 patients with familial hypophos- 
phatemic vitamin D-reslstant rickets, McNair and 
Stickler found that the principal clinical manifesta 
tiiwi was shortness of stature This shortening was 
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limited to the legs Shoitness of equal degree was 
found m both sexes and was not related quantitative 
ly to the phosphorus content of the serum or to de 
formities alone Neither height nor deformity nor 
hypophosphaterma was improved with massive doses 
of vitamm D The phosphatase activity of the serum 
was reduced by treatment Vitarmn D intoxication 
was a constant hazard dunng therapy 
In simple familial hypophosphatermc nckets Ko 
and Fellers feel that the bone changes cannot be as 
cnbed to a renal defect but are due to some change in 
the vilamm D metabolism which reduces absorption 
of calcium from the alimentary tract Sheldon and 
colleagues observed interesting rachitic twins in 
whom failure of absorption of ammoacids and glu 
cose developed long before failure of resorption of 
phosphate appeared Serum acid phosphatase acQv 
ity however was high early and before the appear 
ance of radiologic evidence of nckets 
In addition to these renal types of nckets nckets 
may develop m the malabsorption syndromes in 
which vitamin D is lost owing to diarrhea and in 
some types of hepatic and bibary disease in which 
vitamin D-beanng fat is not absorbed or is poorly ab- 
sorbed 

The radiographic findings m all kinds of renal and 
refractory nckets are simJar to one another and simi 
lar to vitamin D deficiency nckets In juvenile nckets 
of all kinds the medial segments of the femoral and 
hbial metaphyses at the knees are often affected 
when other portions of the skeleton exhibit no diag 
noshc changes 

It 18 well to remember that metaphyseal dysostosis 
(see p 1030) simulates nckets radiologically but is 
charactenzed by normal concentrations of phosphate 
and calcium in the serum 
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Rickets and prematurity —Poor retention of mm 
erals by prematures the loss of the usual deposition 
of calcium and phosphorus in the skeleton which 
occurs m term infants dunng the last months of ges 
tation and the rapid growth of prematures are re- 
sponsible for the frequent occurrence and early de- 
velopment of nckets in prematures Eck and co- 
workers found that all premature mfants are bom 
with rarefied metaphyseal zones which graditally 
blend with the generalized osteoporosis which de- 
velops 10-13 weeks after birth Later double cortical 
contours become visible which they attnbuted to Im 
proved mmerabzation We beheve that many of the 
double cortical contours in prematures are due to tnv 
lal trauma to their loosely attached penosteum Bek 
found no correlation between double cortical contours 
in roentgenograms and inmctal concentrations it* the 
blood serum The basic radiographic changes in the 
nckets of prematunty and the nckets of infancy and 
childhood are similar 

reference 

Eck S et el Prematunty and nckets Pediatrics 2^ 63 
1957 

MiLxMAN s SYHD80MZ Of psoudofractures IS char 
actenzed by symmetncally bilateral clefts of dirtun 
ished density in both tubular and flat bones In adults 
the commonest sites of these lesions are the axillary 
edges of the scapulas ribs pubic rami and upper 
ends of the femurs In adults the syndrome is mvaria 
bly associated with osteomalacia of some type In 
children Milkman s clefts are rare save dunng active 
nckets when the bones of the forearms are often m 
volved (see Fig 8 701) We have seen classic MWk 
man s lesions in one case of oxalosis (see Fig 8 82^) 

The pathogenesis has long been a puzzle because 
none of the proposed explanations accounted for the 
bilateral symmetry the consistent predilection for 
certain sites in the skeleton and the clefts at sites 
where there is little or no mechanical stress such as 
the axillary scapular margins Le May and Blunt hi 
anatomic dissections of three cadavers found that 
the sites of the clefts are commonly grooved ^d 
coursed by neighbormg artenes They concluded that 
the clefts were caused by local vascular stresses on 
the partially demineralized bone-local pulsating ar 
tenal erosion Steinbach and colleagues confimied 
these findmgs in artenographic studies in bving pa 
bents suffering from osteomalacia. In nckets Mdk 
mans clefts {Umbauzonen of Looser) disappear 
when the rickets heals (see Figs 8-701 and 8-702) 
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HypopHOSPHATASiA rcscmbles nckcts cluucaUy 
and to some degree radiographically and microscopi 
cally although it is an Independent entity with no ab- 
normal changes in the phosphate and calcium con 
centralions in the serum The three cardinal diagnos 
tic features are dimnushed activity of alkaline phos 
phatase activity in the blood serum and many tissues 
irregular and incomplete ossification of cartilage and 

Fig 8 708 Ear y niant Is changes n hypophosphatas a A 
and B at 2 months o< age the shafts a e shortened ano spread at 
the r ends w th regular ea e < eat on of the me aphyses wh ch 
t mula es r ekets and aehond oplas a Bo h (emu s a e bowed 
late ad n the r m dd e th ds wh eh probab y eo esents p enatal 
bow ng C and 0 at 26 months the defect ve and egula oss 1 


of growing bone in roentgenograms and microscopic 
sections and increased unnaiy excretion of phos 
phoiylethanolamine Fraser classified the disease as 
an inborn enor which is determined genetically and 
he believes that the basic lesion is a defect which 
reduces the calcificabihty of the organic bone ma 
tnx Transitory hypercalcemia is common in all 
cases and permanent hypercalcemia in severe cases 
This IS said to be the first identification of a genetic 
enzyme deficiency of any kind The diagnosis can be 
established satisfactorily by demonstration of the low 
phosphatase activity m the serum and by the detec- 
tion of phosphorylethanolamine in the unne Curran 
no and associates stated that this ammo and has 
been found in the urme in all patients in whom ade 
quate examinations have been made 
Chmeal and radiographic findings depend on (he 
age of the patient Dunng the first days of hfe the 
calvana is soft and the bones in the extremities are 
bowed and angulated Radiographic examination dis- 
closes a generalized rarefaction of the skeleton but 
with regional excessive rarefaction of the bones of 

cal on o( (tie metapfiyses eha acte led by deep segmenta de- 
lects wh ch s the most d agnos c featu e of the d saase The 
eonigoousepptiysea ess f cat on eente a and eund bones a e 
not attecied the r edges a e smooth E the ea’va a s deformed 
and the d g lai ma k ngs Inc eased due to p ematu e synostos a 
Ol the sutures 
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the calvana and the metaphyses of the tong bones 
These changes in the calvana simulate osteogenesis 
imperfecta the metaphyseal lesions simulate achon 
droplasia and nckets and the bowings m (he long 
bones appear to be identical mth those found m pre 
natal bowing of the long bones due to faulty fetal po- 
sition (Figs 8-708 and 8 709) Weller found cutaneous 
dimples over the summits of the bowings in the long 
bones to be similar to the cutaneous dimples associ 
ated mth congenital bowings of the long bones not 
associated with hypophosphatasia Kellsey made the 
same observations In his patient at birth the bones 
of the legs were bowed but the metaphyses wote 
normally mmetalized at 4Vi months of age Aond 
nckets bke metaphyseal changes had appeared In 
this patient the disease appeared to become more 
severe as age advanced which is the converse of the 
usual course In older children the skeletal changes 
dxe much less marked and are usually confined to 
shallow terminal metaphyseal zones of irregular cal 
cification which are identical radiographicaUy with 
the changes found in juvenile nckets and metaphy 
seal dysostosis (see Fig 8-352 and p 1030) Thesedjs 
eases in older children can be satisfactorily differen 
bated by the chemical changes in the serum and 
unne 

Pseudohypophosphatasia is a term coined by Scnv 
er and Cameron to descnbe a disease that resembles 
hypophosphatasia clmically and radiographically but 
lacks the low alkahne phosphatase activity in the 
plasma. However hypercalcemia and phosphorethan 
olaminuna were consistently present in their pabent 
a girl 3 months of age The authors concluded that a 
phenotype of classic hypophosphatasia does exist «i 
the presence of normal alkahne phosphatase acbvity 
in the plasma 
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FAanUAl, CHRONIC HYPZRPHOSPMATASEanA with 
immaturity and hypermetabolism of growing mem 
bcanous bone is a rare genebc disease Two siblings 
have been affected in four of the ten families de- 
scribed to date Gestation and parturition have been 
normal One pabent was underweight at birth Other 
wise all newborns were considered normal The first 
clinical signs have been detected from age 3 to 18 
months They include progressive enlargement of the 
head. The facial bones have remained normal clini 
cally m all but one patient Progressive loss of muscu 
lar power with delayed and clumsy walking or failure 
to walk with swelling and bowing of the extremities 
(Fig 8-710) and recurrent pain have been features in 
all patients Muscular dysfunction and stricture have 
not been studied adequately The pains have been at 
tnbuted to imcrofractures of the long bones The neck 
and trunk have been shortened owing to universal 
Battening of the vertebral bodies Mental and endo- 
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cnne development have been normal Menarcbe was 
normal m one girl Deciduous teeth were shed prema 
turely in two patients Angioid streaks ivere found in 
the ocular fundi m three older patients and senous 
visual and auditory losses were detected in several, it 
seems hkely that some loss of vision and/or heating 
occurs in all older patients Sustained high Uood pres 
sure was present m three patients, it was not record 
ed m several In one older patient (18 yearsX yellow 
ish cutaneous patches characteristic of xanthoma 
elasticum were found m the neck and one shoulder 
Both alkaline and acid phosphatase activity m the 
serum was increased and sustained over several 
years Peptides were excreted in massive amounts m 
the unne of several patients Serum and unnary unc 
acid levels were mcreased m the few patients in 
which tests were made The high phosphatase values 
indicate increased activity of osteoblasts and osteo- 
clasts— concurrent overproduction and overdestruc 
tion of bone The excess of unnary peptides suggests 
mcreased metabohsm of collagen The elevated serum 
and uimary unc aad values signify increased cellu 
lar turnover, probably of osteoblasts and the connec 
tive tissue cells in the meduUary cavity 
The radiographic changes m the skeleton are illus- 
trated m Figures 8 711 to 8 714 
Three of the 14 reponed patients have died The 
two early deaths were apparently due to acute infec 
tions of the lung at 3 years and of the meninges, at 4 
years The sole necropsy was done on the boy (A and B 
of Fig 8-710) who died at age 18 by Dr Sumi Mitsu 
do In addition to charactenstic changes in the mem 
branous skeleton, she found pseudoxanthoma elasQ 
cum of the skin, endocardium retina and artenes, 
and a massive cerebral hemorrhage The enlarged 
hean weighed 400 Gm Severe arterial sclerosis was 
found in several organs The mtramuscular arterial 
changes and chrome muscular hypoxia may explain 
the severe muscular weakness and pam that dis 
tressed several pauents This boy whose hyperphos 
pfijaisJed vxUil J»ad had rerowled 

arterial hypertension for more than 12 years In the 
thickened calvaria a mosaic pattern of thickened 
cement hnes was indistinguishable from the mosaic 
pattern in adult Paget s disease 
Although the findmgs inpatients suffering from this 
syndrome produce m toto one of the most conclosive- 



flfl 8 71 J -Typical savers changes of ehron c hyperphospha 
lasemia m the hands and forearms of an Austrian girl 2 yealv of 
age The rad uses and uinas show the same increases in width 
dilatation of medullary cavil es and Ih n streaked cortical walls 
<Mth no evidence of compact Haversian pone The d fferential 
pattern of changes in the phalanges and metaearpals Is almost 
Identical with those in Figure 6 712 A relatively large whitish 
patch m the shaft of the nght radius suggests an infarct Thij le. 
s<OA has as lar as I know not bean ttudiad mtcioscopi^alty 
(Courtesy of Dr A Swoboda) 

ly diagnostic pictures in pediaincs all of them show 
similarities to adult Paget s disease Engelmarm's 
craniodiaphyseal dysplasia osteogenesis imperfecta 
and possibly Van Buchem’s disease In my opinion 
all of these axe readily excluded by the chmeal chsm 
ical radiographic or pathologic features either singly 
or in combination In Paget’s disease, for examijle, 
onset IS rare before the 30th year and skeletal m 
volvement is local, regional and asymmetneal (n 
chronic hyperphospbatasemia onset is between the 


•-Fig 8 712 -Typical severe changes of chronic hyperphospha 
tasemia in an infant Zyears of age A the femurs are bent taterad 
and t bias ventrad The shafts are enlarged and radiotuceol with 
widely meshed streaky cortical walls and no evidence of compact 
cortical bone The dilated shafts (osleoectasia) are about the 
same cat ber at all levels owing to failure of normal metaphyseal 
constnet on (funnelization) The provis onal zones of caicifica 
tion at the ends of the shaft are normally calcified The wnphy 
seal ossilication centers are normal m size but are rarefied prob 
ably due to reduced use B marked sim lar changes are present 
in the arm bones In addition the d lated rarefied segments in the 
d stal third ol the humeral shaft raise the question of cyst c for 
mation C, In the hands and forearms at 14 months the cmddte 
and proximal phalanges of digits 2-5 the proximal phalanx M 


digit 1 and the let metacarpal are thickened externally and si;[e 
fot c with narrowed medullary cav ties The other metacarziaig 
are rarefied with Ih n cortical walls and dilated medullary ewi 
lies These metacarpophalangeal d tferences are present in sonre 
degree m alt patients and are in my experience net found in 
other diseases. 0 m the calvana at 3 months the frontsi squaiho- 
sa and panetal bones are thickened but rare! ed and streaked ty 
what appears to be pnmary f brous bone In sharp contrast me 
bone in the occipital squamosa is normally sclerotic and CQrn- 
pact this bone is of cartilaginous origin The membrartous m^n 
d biers also thickened streaky but rarefied The teeth are nor 
mally seferotre. (Courtesy Of Drs Harold Rosenbaum and Robert 
O Shepard Lexington Ky ) 
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3rd and 18th month and skeletal involvement is uni 
versa! and symmetrical in membranous parts of the 
skeleton In Engelmann s disease the ends of the 
shafts are not affected and the bony cortical thicken 
ings are made up of compact Haversian bone In os 
teogenesis imperfecta the calvana is thm and pre- 
sents a mosaic rarefaction m radiographs and there 
is no evidence of the accelerated turnover of bone or 
bone collagen microscopically or chemically Van 
Buchem patients have not been identified pnor to the 
20th year the bones are sclerotic rather than rarefied 
the facial bones are severely and consistently affect 
ed and the sclerotic bony thickemngs are made up of 
compact mature Haversian bone 
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Infantile scurvy —Scurvy is caused by deficiency 
of the accessory food factor vitamin C or ascwbic 
acid Infantile scurvy is found almost exclusively in 
babies who are fed formulas contaimng pasteurized 


or boiled milk It is the heatmg of cow s milk to re- 
duce the bactenal content which destroys vitamin C 
m sufficient amount to lead to clinical scurvy In such 
ciicumstancea the addition of orange juice or ascor 
bic acid to the diet prevents scurvy easily and efFec 
tively In nearly all cases the appearance of manifest 
scurvy is preceded by a prodromal asymptomatic in 
terval of four to six months There are no authentic 
cases of symptomatic or roentgenographic scunT in 
infants younger than 3 months dunng the first 
weeks of life skeletal syphilis has been misinterpret 
ed as skeletal scurvy in roentgenograms In Bums s 
report of scurvy in an infant 2 months of age the 
findings are better explained m my opinion on the 
basis of trauma than by deficiency of vitamin C 

Denms and Mercado reported the development of 
typical radiographic changes of scurvy in the bones of 
a girl 16 months of age during a six month course of 
aminopterm therapy These bone changes disap- 
peared slowly when ammoptenn was withdrawn and 
vitamin C admimstration begun Hematuna and chn 
ical signs of scurvy did not accompany the bone le 
sions Engeset reported scurvy hke changes m the 
bones of hypothyroid infants both before and after 
treatment mth vitamin C The meiabobc defects in 
scurvy and in tyrosinosis an exceedingly rare anom 
aly of protein and ammo acid metabolism are sum 
lar In the films of the skeleton of a girl who had tyro- 
sinosis the typical changes of active scurvy were 
present These did not of course respond to the ad 
ministrauon of ascorbic acid The films were seen 
through the courtesy of Drs Marvin Daves and R 
Parker Allen of the University of Colorado 
Knowledge of the morbid anatomy of scurvy is sur 
pnsmgiy meager except that relating to the skeleton 
Lack of intercellular cement substance in the en 
doihebal layer of the capillaries is supposedly the 
cause of the hemorrhagic tendency the blood clotting 
mechanism is not significantly altered The hemor 
rhages which may take place in any organ or tissue 
have been found at necropsy to be associated with 
edema and with hydrops of the serous cavities 
The basic skeletal changes are due to the suppres 
sion of normal cellular activity both productive and 
destructive in the growing bones The noncelliilar 
activities such as the deposition of lime in the provi 
sional zone of calcification and internal resorption 
(hahsteiesis) of the corticahs and spongiosa are not 
disturbed This disruption of the normal balance of 
productive and destructive forces results in general 
ized atrophy of the cortex and spongiosa and at (he 
same time an increase in the thickness of the provi 
sional zones of calcification 
At the cartilage-shaft junction (metaphyses) (he 
proliferating caieilage cells are markedly dirmmshed 
in number and their rmtosis and growth are reduced 
On the epiphyseal side of the provisional zone of crI 
ciGcation deposition of hme contmues in the cartilag 
inous matrix while on the opposite side (the diaphy 
seal) destruction of the provisional zone is dimin 
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ished or stops As a result liine piles up deeply and 
the provisional zone of calcification becomes thick 
ened In roentgen films this thickened calcified epi 
physeal disk casts a heavy transverse shadow but it 
IS not as strong physically as its shadow suggests 
Actually it is bnttle rather than strong and often pre- 
sents fissures and fractures The calcified cartiJagi 
nous trabeculae just beneath the thickened zone are 
irregular in size and irregularly disposed in a random 
network having lost much of their normally longitu 
dinal parallel pattern These trabeculae are bare of 
endosteal bony coating and hke the provisiona] zone 
are bnttle rather than hard and fracture easily 
Transverse fractures through the bnttle calcified car 
tilaginous plate and its attached lattice give me to 
epiphyseal displacements and separations 
When the heavy provisional zones of calcification 
project laterad beyond the usual limits of the shaft 
they form spurs and provide one of the most diagnos 
tic roentgen features of scurvy Early ossification 
under the raised penosteum m the angle between the 
provisional zone of calcification and the penosieal 
attachment is another cause of spur formation The 
trabeculae just beneath the cartilaginous lattice are 
sparse small and poorly mineralized This atrophic 
layer between the sclerotic provisional zone and the 
heavier spongiosa deeper in the shaft casts a trans 
verse band of diminished density in the roentgeno 
gram which has been called the scurvy line Untlat 
eral or bilateral defects ui the spongiosa and cortex 
just below the provisional zone of calcification may 
permit incomplete separation of the plate from the 
shaft ovnng to subepiphyseal marginal clefts These 
clefts appear roentgenographically as the comer or 
angle sign of scurvy All of these metaphyseal 
changes appear earliest and are mojt marked at the 
Sites of most rapid growth and most active endocbon 
dral bone formanon especially at the sternal ends of 
the nbs the distal end of the femur the proximal end 
of the humerus both ends of the tibia and fibula and 
the distal end of the radius and ulna 
In the ossification centers the changes are analo- 
gous to those in the metaphyses The persistence and 
thickemng of the provisional zone of calcification 
produce a thickened penpheral shell of calcified card 
lage around the ossification center Atrophy of the 
spongiosa is responsible for central rarefaction Tro- 
portionately the rarefaction of the ossification center 
IS greater than that in the shafts or in the smaD 
rounded bones of the wrists and ankles The marked 
central rarefaction with intensificauon of the margin 
in the ossification center is one of the most character 
istic roentgen findings m scurvy 
In the shaft the spongiosa becomes atrophic this is 
responsible for the ground glass texture m the 
roentgenogram This ground glass appearance is also 
found in many types of bone atrophy of nonscorfaodc 
origin The cortex gradually becomes thinner as the 
disease progresses until it may be reduced to one 
fourth or one-fifth its ongmal thickness In the ter 


minal segments of the shaft where the cortex is nor 
mally exceedmglJLj^hin the cortex may disappear 
roentgenographically 'Notwithstanding the severe 
cortical atrophy in scurvy diaphyseal cortical frac 
tures are rare in contrast fractures of the calcified 
cartilage in the metaphysis are common ^ 

Subpenosteal hemorrhages may appear on any of 
the long bones they are most common in the larger 
bones such as the femur tibia and humerus Occa 
sionally subpenosteal hematomas form on the flat 
bones of the calvana orbit and shoulder girdle The 
hemorrhages vary greatly in size they are usually 
confined to the ends of the long bones but may extend 
the endre length of the shaft from one epiphyseal 
plate to the other Subpenchondnal hemorrhages 
over the epiphysis are said never to occur in scurvy 
hemaxthrosis is also exceedingly tare dunng infancy 
and childhood Large subpenosteal hemorrhages cast 
shadows of increased density in the soft tissues sur 
rounding the bone and may spread apart two bones 
which normally lie close together and parallel such 
as the tibia and fibula and radius and ulna The sub- 
penosteal hemorrhage is actually not as large as it 
appears to be clinically and roentgenographically 
much of the regional swelling is due to edema and 

Fig. B 71$ -£ary skeletal changes n • see buic nfant 7 
months o> age A normal B show ng gene at 

>red osieopo os s con cal airopny atropn/ of the epong osa and 
(h ckening o' the prov s ona cones of calc feat on The oss f ca 
ton centers show marked cent al ra efaeton wtn haavy rng 
shadows on trie ma g ns These f nd nga may a I ba found n aev 
eral types of nonscorbul c ehron e bona at ophy 




Fig 8 716 — Scorbut e hones n an nPant 11 months ol age 
showing mult pie spur format on n add t on to the changes rt 
F gure 6 715 The comb nat on of spurs and bone atrophy s 
pathognomon c of scurvy 

hemonhage external to the penosteum in the overly 
mg soft tissues 

Roentgen appearance —The roentgen changes in 
the prodromal phase of scurvy have not been ob- 
served in humans In two of our patients who were 
fed pasteunzed formulas for three and five months 
respectively without the addition of fruit juices to the 
diet we found no significant changes in the roentgen 
ograms of the bones The optimal sites for tne detec 
Oon of scurvy m the skeleton are the bones of the 
lower extremities diagnostic changes may be demon 
strable at the knees when minimal changes are pres 

ent at the wnsts | — 

The mildest and probably the earbest changes m 
human scurvy are generalized bone atrophy and 
thickening of the provisional zones of calcification 
(Fig 8 715) These findings are of course not diag 
nostic of scurvy because they are found m many non 
scorbutic types of bone atrophy In more severe cases 
several other roentgen signs may be added to the 
basic atrophic changes and thus give nse to a variety 
of pictures pathognomomc of scurvy The combina 
tion of diffuse bone atrophy and multiple spurs at the 
cartilage-shaft juncbons occurs only in scurvy (Fig 
8 716) Subepiphyseal atrophy of the cortex and spon 
giosa casts a transverse band of diminished density 
on the shaftward border of the provisional zone of 
calcification (Fig 8 717) which favors the diagnosis 
of scurvy but is not diagnostic The fractures through 
the thickened provisional zones and the deformities 
secondary thereto are diagnostic of scurvy (Fig 8- 
718) when syphUis can be excluded The comer 
sign of scurvy (Fig 8-719) descnbed by Park andhis 
co-workers is a valuable diagnostic feature when 
found with generalized bone atrophy 

Subperiosteal hematomas produce regional in 
creases in the soft tissue density Large subperiosteal 
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hematomas situated between two parallel bones may 
displace them away from each other (Fig 8-720) 

The roentgen signs in healmg scurvy were de 
scnbed in detail by McLean and McIntosh With the 
onset of healing the corucahs becomes thicker and 
the spongiosa becomes more clearly defined The 
transverse band of diminished density in the metaph 
ysis regains its normal density and disappears as 
the terminal spongiosa and cortex become completely 
mineralized As growth proceeds the thickened provi 
stonal zone of calcification is buned within the shaft 
as a transverse line (Fig B 721) When a subpenos 
leal hematoma is present wth the advent of healmg 
the raised penosteum begms to layer the penphery of 
the hematoma with a new shell of subpenosteal bone 
(Fig 8-722) Concurrently with resorption of the he- 
matoma, this new layer of bone thickens and shrinks 
down onto the shaft to become the new cortex 
Residues of these cortical thickenings may per 
sist for years especially on the concaviues of the 
postenor aspects of the femurs In the event of epiphy 
seal displacement the longitudmal growth after heal 
mg proceeds from the displaced proliferating cam 
lage the shaft and the marrow cavity shift to this 
new posiuon and adapt themselves to the new axis of 
longitudmal growth without difficulty (Fig 8 722) 
This rectification has taken place spontaneously m all 

F»g e 717 -Advanced scurvy m an nfam 7 months of age 
Shaftward f om the Ih eKaned prov s onal zones of ceic f cation 
a a deep transverse bands ol d m n shed dens ty so-calltd 
scurvy nes Atrophy of the cortex and spong osa is also evi 
dent In the or g nal I im» small leteral spurs projected from the 
cart lage shaH junct ons at the d stal ends ol the femurs and at 
both ends of the ( b as Th s comb nat on s pathognomon c of 
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Fig S722 >Hea ng scurvy show ng tn« she lot su&p« osteal 
bonesu round ng the shaft of the lemur A Irorrtai and fi lateral 
project ona The d stal femoral ep phys sad solaced laierad ar>d 
do sad 

of our cases without the application of extension or 
other orthopedic treatment The healed epiphyseal 
ossification center may exhibit a central inset of rare* 
faction which persists for years after the incepuon of 
healing (Fig 8 723) these rarefied Insets are Identi 
cal in size and contour with the rarefied epiphyseal 
centers which develop during the active stage of the 
disease 

In the remarkable patient of Silverman 12 months 


after recovery from active scurvy epiphyseal separa 
don at the distal end of the femur and ossif cation 
around a subpenosteal hematoma was followed by 
deep segmental central cupping of the metaphyses 
with shaftward protuberance of the enlarged epiphy 
seal ossification center proximally into the meta 
physe^ cup at 19 months At 4 years fusion of the 
epiphyseal ossification center and the shaft with stop- 
page of longitudinal growth appeared to be immi 
nent but at age 22 the affected femur was only 
slightly shortened and deformed (Fig 8 724) This 
careful prolonged study indicates that the metaphys 
eal cupping associated with scurvy should be care- 
fully watched before the normal side is shortened to 
compensate for shortening of the affected side We 
have seen similar cupping following traumatic injury 
to (he femoral metaphysis and inflammation of the 
metaphysis (see Fig 8 654) and it has been reported 
as a residual of vitamin A poisoning Cupping of this 
type but less in degree is a regular feature of achon 
droplasia during the early years (see Fig 8-306) and 
occurs commonly in the manual phalanges m chon 
droectodennal dysplasia (see Fig 8 332) 
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Fig S 724 -Successive Changes m scurvy wth IrsumatC 
segmental cupping and spieadng ol (he dstal temocal meta 
physis and overgrowth and extension of the epiphyseal oss lica 
t on center into the metaphyseal cup A, at 6 months there «s lac 
eration of the cartilage plate and lateral d splacement ot the epi 
physis laterad a shell of cort cal bone is form ng around a suO- 
peiiosteal hematoma B, at 19 months the temorat jnetaphysis ts 
deeply cupped in its central segment the longitudinal growth of 
which IS retarded The penpheral segment ot the metaphysis is 
only si ghtly retarded in grovrth and the walls of the cup are 
thick The enlarged and conoidal epiphyseal osslication center 
has Insinuated into the cup and is almost completely bunedm ft. 


The thick walls Ot the cup have failed to constrict and the diSf^l 
end ol the femora! shaft is splayed C, at 4 years the findings 
similar but relatively retardation of the long tudinal growth '4 
not as marked as in B the cup is not relatively as deep as betn'^ 
and the epiphyseal ossif cation center extends caudad well P4- 
yond the end ol the shaft. A deep intercondylar notch now sefi4 
(ales the lateral and med al femoral condyles D, lateral projFC 
tion of C E at 22 years there Is surpnsingly Ittle res dual 
fonnity particularly shortening and splaying of the right femur 
The intercondylar notch is deeper in the right femur and the let 
eral intercondylar spine IS enlarged {Courtesy of Or Fredenc ft 
Sttverman Cincinnati ) 


Silverman F N Recovery from epiphyseal Inva^natioD 
Sequel to an unusual comphcauon of scurvy J Bone & 
Joint Sure 52 A 384 1970 


Hypervitaminosis 
Accurate diagnosis and successful treatment both 
curative and prophylactic, of disorders caused by vita 


nun defiaency stand high among the major tnumpps 
of modem medicine Early, the vitanuns were used 
natural form in foodstuffs where they occurred Jn 
such dilute concentrations that they could be safety 
sold without restnction for uncontrolled use at home 
The behef has long prevailed and generally persists 
that all vitamin preparations are harmless This bC' 
lief has not been tenable for some years Substantial 
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expenence demonstrates clearly that prolonged feed 
mgs of excessive amounts of highly potent concen 
trates of fat soluble vitamins A and D are seriously 
and in the case of vitamm D, sometimes fatally tone 
As a result, a man made disease has appeared m 
man — hypervit aminosis 

The control of vitamm D poisonmg presents no sen 
ous problem because excessive vitamin D mgesticm is 
still in the hands of physicians Almost without ex 
ception hypervitammosis D has developed m patients 
who were being mtentionally treated with massive 
doses of vitamin D to combat rheumatoid ailbmis ot 
tuberculosis— calculated nsks taken by physicians In 
contrast, all recorded cases of vitamm A poisoning m 
infants and children have resulted from prolonged 
daily feedmg of excessive amounts of vitamin A con 
centrates by mothers who either increased the dose to 
toxic levels on their ovm initiative, m ignorance of the 
potential dangers, or misunderstood the directions of 
their doctors, although in each case the correct dos 
age was clearly stated in the manufacturer s label on 
the bottle 

Excepting breast fed infants there is no need for 
either vitamin or mmeral supplements m the diets of 
American men, women, children or infants who are 
m good health An abundance of both vitamins and 
Runerals is supplied m the average Amencan diet of 
meat, fish poultry, milk and milk products eggs ce 
reals vegetables and fruits Some sick persons may 
need supplemental vitamins, and these should be 
taken on the advice of a physician who should control 
dosage and the duraaon of their mcake The dishonest 
claims m the advemsing blurbs in this field are dis 
graceful because they divert millions of dollars out of 
the pockets of parents which could be used for the 
improved care of their children and scores of mfants 
have been poisoned, some fatally No one knows bow 
much subchnical poisomng exists Substannal evi 
dence suggests that excess of vitamm D m the diet of 
pregnant women sensitive to vitamin D is responsible 
for chrome hypercalcemia, mental retardauon, renal 
disease and cardiac malformations m the newly bom 

Vitamin A poisoning —Chronic vtlomin A poison 
tng was iiist recognized In 1944 when the diagnostic 
significance of mcreased blood vitamin A was first 
demonstrated Three years later a second example 
was recorded and the hard swellings m the extremi 
ties and bone changes detectable roentgenograph 
ically were first described The skeletal changes 
were described in detail and the clinical picture was 
fairly well established in a single report of seven new 
cases in 1950 combined with the data on five cases 
reported earlier There are undoubtedly many unre 
cogmzed cases of severe chroruc vitamin A poisoning 
What is believed to be the first case of chronic vita 
mm A poisomng in an adult was reported from New 
York City m 1951 An overenthusiastic woman on 
hearing from a “nutntion commentator ’ on a radio 
broadcast that vitamm A is ' good for alleviatmg dry 
throats and a prophylaxis for colds ” began a daily 



F«9. 8 7ZS -Soft tissue swellings in hypervitammosis A. five 
weeks after onset A, supraulnar swelling of tne left forearm 
there was a simifar swell ng In the r ght forearm B pret Pial 
Swell ngon the right shank and symmetrical swelling over the 5th 
metatarsals in both feet This g rl 21 months of age had received 
1 leaspoonfuf of oleum percomorphum daily for nine months 

intake of 600 000 umts of the concentrate and contin 
ued for 18 months, with occasional supplemental 
sprees of 1-2 000 000 umts when impending dry 
throat or colds were suspected 
In Woodwards patient who was poisoned during 
the first weeks of life from the administration of 70 
000 1 U daily from bmh, the anterior fontanel bulged 
at 2 months of age, and he then suffered from hyper 
imtabibty, hyperesthesia, alopecia and tender hyper 
ostoses of the clavicles and one panetal bone Tlus 
must be the youngest patient ever to be poisoned by 
vitamin A, and it is mteresQng that cramal thicken 
mgs as well as mcreased intracranial pressure de 
veloped Of the three infantile patients reported by 
Tuirell and Pierson, none had cortical hyperostoses 
but all had radiographic nckets 
The early chnical features m mfants and children 
are not distmctive they mclude only such common 
complaints as loss of appetite itching and fretful 
ness The diagnosis could probably often be estab- 
lished dunng this early phase of the poisoning by 
careful questionmg regardmg excessive intake of vi 
tamin A and, possibly, by finding an increase of blood 
vitamin A content The prevalence of mild vitamin A 
poisonmg IS unknown Many weeks or months after 
the onset of these early signs, the clinical picture be- 
comes diagnostic when hard tender lumps appear in 
the extremities (Fig 8 725) and the underlymg bones 
show cortical thickemngs At this stage the blood vi 
tamin A content has always been mcreased several 
fold Additional findmgs m some patients mclude 
fissures in the lips loss of hair, dry skin jaundice and 
enlargement of the Lver In most cases six months 
have elapsed between the beginning of excessive in 
take and the appearance of swelhngs In the extremi 
ties, which has occurred after the 12th month of life 
in all but one case In some instances the latent pen 
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Pig. 8 726 (left) -Syrnmetncal cortical hyperoatosas of the patient as the preceding A, S weeks after onset B. 10 weeks af 

uinu In poisoning due to vitamin A five weeks after onset same ter onset and S weeks after stopping of vitamin A. The hyperesto- 

patient 8$ preceding A. right and 0, left u'na These films and sisandspuron the medial aspect of the proaimalendof the tibi 

the photographs in Figure 6 725 were made at the same nme at shaft show increased mineralization in companson wth A.The 

Fig 8*727 (right) -Tibial cortical hyparostoses in the same patient had been well lor lour weeks 

od has continued for as long as 15 months Complete poisoning as an enoty and in the diagnosis of indiVid 

recovery follows rapidly on withdrawal of the concen ual cases In every case some of the tubular bones 

trate The clinical signs often subside within 72 have been thickened (Figs 6 726 to 8 728), both ul 

hours The high blood vitamin A level falls to normal nas and someof the metatarsals have been consistent 

withm about six weeks The cortical hyperostoses are ly aAected The basic skeletal change is an external 

gradually and slowly resotbed over a penod of several thickening of the conical wall which is often wavy m 

months outline when first seen These cortical thickenings 

Roentgen changes in the skeleton have played an usuaUy stop shon of the ends of the shafts, the meta 

important role both in the recogniuon of vitamin A pbyses and epiphyseal ossification centers are charac 

Fig 8 728 —Symmetrical cortical hyperosloses ir» thesih met comparison with A, have shrunk so that they are barely vis Die 
atarsals of the same patient as preceding with poisoning from The hyperosloses in these small bones d sappeared much more 

excess of v tamin A A, 5 weeks after onset B. 10 weeks after rapidly after w thdrawal of vitamin A than did those in the ulhas 

onset and 5 weeks after stopping of vitamin A The lesions m and libias 
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terisbcally normal Microscopic structure of (he cor 
Qcal hyperostoses shows only an excess of normal 
subperiosteal bone with fibrous marrow in (he neigh 
boTuig spongiosa. 

A permanent cnpphng sequel to vitamin A poison 
ing was found m several patients by Pease Arrests in 
growth of the long bones caused severe and perma 
nent shortemngs of the affected bones especially the 
femurs at their distal ends The radiographic findmgs 
mcrude cupping shortenmg and spfaymg of (he af 
fected end of the shaft hypertrophy of the contiguous 
epiphyseal ossification center and premature fusion 
of this center with its shaft (Figs 8 729 and 8-730) In 
one girl who was acutely poisoned at 2 years of age 
the left femur was shortened S cm at age 16 

In two English patients descnbed by Pickup the 
cbmcal and chemical manifestations of vitamin A 
poisomng were severe but there were no radiograph 
ic changes in the skeleton although both had pains in 
the arms and legs In the first patient a boy 6 years of 
age large doses of vitamin A had been given for only 
SIX weeks in the second a girl 4 years of age 3S0000 
I U of vitamin A had been given daily dunng two 
years in the treatment of ichthyosis Ohver pointed 
out that radiographic changes in the skeleton have 


been found in all infants and toddlers who had hyper 
vitaininosis A but m only one of nine older chil^en 
and adults 

In contrast to the now numerous chrome poisonings 
by vitamin A concentrate acute poisomng from this 
source is all but unknown According to Bills (cited by 
Caffey) children have occasionally swallowed as 
much as 50 cc (a whole bottle) of oleum percomor 
phum— 3 000 000 units of vitamin A— at one sitting 
and without harm save for transient nausea and 
vomiting In the Arctic Eskimos and expenenced 
travelers have long beheved that Lvers of polar bears 
are toxic to man and other ammals Rodahl presented 
convincing expenmentaJ evidence that the toxic ef 
feet of polar bear hver is due to its nchness in vitamin 
A The liver of the bearded seal the pnncipal food of 
(he polar bear also has an exceedingly high vitamin 
A content as does the hver of the Greenland fox. In 
two other species the walrus and the snow hare he- 
patic content of vitamin A is low The highest hepatic 
concentrations of A were found in polar bears and it 
1$ possible that some polar bears actually suffer from 
hypervitanunosts A Kottlem (cited by Rodahl) found 
frequent hyperostoses tn 122 ^ars examined by him 
at necropsy 



The medical facts are conclusive vitamin A con 
centrales are probably superfluous certainly expen 
sive and potentially toxic preparations which should 
not be placed in the hands of mothers for daily feed 
ing to healthy children Medical control of vitamin A 
admimstration at home iviU be difficult because the 
public gets most of its infonnalion concerning the 
magic of Mtarruns from commercial advertising and 
loo many physicians learn about the most recent vita 
min advances from salesmen of pharmaceutical 
houses Commercial advertising is understandably 
designed to create pubbc behef that there is a wide 
spread need for daily supplementary intake of vita 
imn A that daily supplements present and cure a 
host of indefinite common complaints and that vita 
min A concentrate is harmless Physicians are almost 
helpless against the commercial exploitation which 
gushes endlessly from newspapers magazines radio 
broadcasts and television programs According to 

Fig 8 730.-Resdual changes from vtamo A posonng n 
both lemurs and the left t b a and f bu a In contrast the r ght t 
b a and I bula are no mal as were the othe bones The ends of 
the shatts a e splayed and cupped the oss f cat on centers are 
enlarged and fus ng p ematurely w th the r shalts 
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Culver the annual sale of costly high potency *dta 
mm preparations mcreased 200% between 1945 and 
1947 from 15 to 45 million dollars The public has 
long been overstimulated on the need for and ihe 
safety of vitamin A concentrate and it ivill be exceed 
ingly difficult for individual physicians to protect 
even their own patients from overdosage and poison 
ing However until the whole truth becomes avail 
able to the pubhc all authentic cases of vitamin A 
poisoning should be carefully recorded and widely 
published m medical literature 
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days (Ruziczka) Vomiting foUowed by dehydraoon 
and high fever are common in the severely ili other 
manifestations m some patients mclude coma con 
vulsions abdominal cramps and bone pain In 
chrome poisoning the common early symptoms are 
lassitude thirst anorexia and unnary urgency with 
or without polyuna. Later symptoms are voimnog 
diarrhea and abdominal discomfort Renal damage 
with renal calcification is due to the excretion of in 
creased lime through the kidneys The urme contains 
albumm casts blood and an excess of lime The 
blood has increased calcium and phosphate The la 
dialogic changes include metastatic c^cificabons m 
the media of blood vessels kidneys (espeaaUy the 
tubules) heart gastric waU alveoU of the lungs 
bronchi and adrenals In the long bones (Fig 6 731) 
the initial change is an increase in depth of the provi 
sional rones of calcification foUowed by cortical 
thickening and later osteoporosis of the skeleton with 
deep zones of dinumshed density in the ends of the 
shafts often alternating bands of increased and di 
minished density 

It is possible that the chronic idiopathic hypercal- 
cemta of infants is due to the excessive ingestion of 
vitamin D over long penods by infants who are shgfat 
ly sensiQve to this vitamin excessive absorption of 
calcium from the ahmentary tract is the probable 
causal mechanism Creery and Neil demonstrated in 
Belfast that infants were actually receiving two to 
three times the dosages of vitamin D recommended 
by physicians 

The *discovery of supravalvular aomc stenosis in 
association with idiopathic hypercalcemia and the 


assoaation of hypercalcemia with several different 
forms of vascular anomalies indicate that vitamin D 
excess in the mother prior to partunQon may be an 
important cause of congemtal malformations of the 
cardiovascular systems in ihe fetus Fnedman and 
Mills demonstrated disturbances in the development 
of the facial bones and calvana (dental malocclu 
sions microcephaly and premature synostosis of BU 
tures) after an injected antirachitic substance 
crossed the placenta and raised the vitamin D levels 
in newly bom rabbits 
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Vitamin C poisoning is bebeved to be a reality by 
Cordonoff and the overingestion of vitamin C danger 
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Fig S 732.— Solitary externa! osteochondroma (cartilaginous 
exostos s) A, pedunculated osteochondroma ot the lemur B 
broad based tiat osteocborxdronxa qI the humerus 


ous He found suuiea pigs especially prone to scursy 
if they had been previously maintained on high m 
takes of vitamin C In the siege of Lemngrad those 
who had previously had large intakes of vitamin C 
developed scurvTin the greaternumbers 
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Bone Tumors 

Neoplasms of bone are not so important in infants 
and children as they are in adults Malignant pnmary 


bone tumors are exceedingly rare in infants and are 
rare dunng the entire first decade of life Many pedia 
tncians do not encounter a single primary skeletal 
neoplasm in their own patients during a lifetime of 
busy practice Precise and conclusive radiographic 
evaluation of some of the important tumors is nd* to 
be expected owing to the uncertainties of inicroscppic 
diagnosis and the frequent differences of opimofl of 
the experts on the significance of primitive coni’ec 
me tissue cells Uncertainties in the radiographic 
mteipretation of the micropathology are the rule r^th 
er than the exception Early biopsy is essential for 
early diagnosis and effective treatment However, the 
biopsy findings are often not conclusive, and the d*as 
nosts may remain m doubt as to whether the lesiou is 
neoplastic or inflammatory, and if conclusively iieo- 
plasQc whether It IS benign or malignant For author 
itative and detailed information on the morbid anato- 
my fhe reader is referred to Jaffe’s Tumors imd 
Tumorous Conditions of the Banes and Joints 
^ENiCN OSTEOBLASTOMAS are rare, they are foil’d 
most frequently in the spine and short tubular bofics 
They are made up of a varying mixture of primitive 
osseous tissue and osteoid m which osteoblasts ^ 
abundant The patients are usually in the second 
third decades of life The radiographic picture is hot 
specific the osteoid and vascular parts are radiclu 
cent in opaque bone 

Solitary benign chondromas are common Tpep 
grow from proliferative cartilage cells derived from 
the neighboring epiphysis When the tumor extends 
outside ftom the cortical wall it is called a solitdn/ 
cartilaginous exostosis, and when it grows inside 
cortical wall in the medullary cavity it is called a s(>h 
tary enchondroma The latter develop most often m 
the short and long tubular bones of the extrenutios 
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As the canUagmous mass expands asymmetncallyln 
the medullary cavjty, it dilates the cavity and thms 
the cortical wall from the inside at the same level 
The radiolucent tumor cartilage, the thm cortical wall 
and dilated meduUary cavity are all evident m films 
(Figs 8 344, 8 733 and 8 743) Focal calcifications of 
vanable sizes are often visible in the radiolucent 
mass Malignant conversion to chondrosarcoma may 
occur in the larger tubular bones but is rare m the 
short tubular bones of the hands and feet 
Solitary cartilaginous exostosis is one of the most 
common of tumors in the growmg skeleton Strange 
ly, these tumors do not develop in the fetal skeleton 
and are virtually nonexistent until the 2nd year of 
postnatal life This suggests that some factor from 
the mother crosses the placenta and suppresses the 
growth of these tumors in the fetus, loading the fetus 
with this factor before birth m high concentration 
which gradually dimimshes after birth vnth advanc 
ing age until, at the 12tb to 16th month its concen 
tration is low enough to permit the tumor to beguf to 
grow Radiographically, the exostoses appear in a 
great vanety of sizes and shapes— slender and bulky, 
pointed and blunt sessile and pedunculated rough 
and smooth (Figs 8 732 and 8 733) The segment of 
the shaft from which the exostosis grows is usually 
widened due to failure of constnction (Fig 8 734), 
the epiphyseal ossification center Is not affected The 
exostosis Is covered with penosieum which is contin 
uous vnth the periosteum of the shaft The long axis 
of the exostosis is in the plane of greatest muscular 
pull and IS always directed obliquely away from the 
end of the shaft The tumor grows from a probfera 
Qve cap of cartilage on its op, by a growth mecha 


lusm similar to that at the cartilage shaft junction of 
a growmg long bone When the individual reaches 
maturity, growth ceases in the long bones and in the 
exostosis as well There may be no clinical com 
plaints, or swelling, pam and bmitation of motion 
may be evident When an exostosis impinges on blood 
vessels or nerves, it may cause secondary vascular 
and neural manifestations Conversion of an exosto- 
sis to sarcoma is rare and is said to occur only after 
puberty In contrast, sarcomatous conversion is 
common m muinple hereditary exostoses in both the 
young and the old Cole and Darte encountered be 
mgn exostoses in the sites of earlier irradiation in 
eight children 

PuMARY CHOMDRosARcosiA is rare before age 20, 
and the femur is the common site When these tu 
mors grow inside the cortical wall of the shaft in the 
meduUary cavity they are called central chondrosar 
comas, when they grow externally from the corneal 
wall they are called peripheral chondrosarcomas 
The former are the more common Microscopic diag 
nosis is uncertain, and their rapidity of growth and 
expansion may be just as important m determining 
their mabgnancy as their microscopic appearance \ 
The cartilaginous tumor in bone produces a radiolu 
cent image in which there are often foci of calcifica 
tion to suggest a caroJaginous ongm The cortex usu 
ally bulges externally and is thinned from the Inside 
at the site of the tumor The penpheral chondrosar 
coma IS mabgnani conversion of a sobtary cartilagi 
nous exostosis the radiographic examination shows 
the excessive growth and partial destruction by the 
mabgnant tissue In rare cases, chondrosarcomas 
arise in the soft parts adjacent to the skeleton (Fig 8 


Fig S 734 -Solitary broad based cart lag nous 
exostosis of tne lower end of the femur appears as 
a rad oluceni defect m frontal projection (A) but 
the cupped exostosis is vis ble In lateral projection 
(8) The ventral cortical wall only has failed to 
constrict and is bowed ventrad The bowed ventral 
wall IS also thin This lesion could also be 
classified as a juxtacon cal chondroma (See Figs 
•fc ft, 



/ 
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FI3 6 735 Chondrosarcoma n themed a segment of the art 
kle reg on iri a boy 3 years of age At surg cal exp oral on a mass 
o1 bone and tart 'age completely separated Irom the ep physeal 
cart lage was found In the soft t ssues outs da the capsu e of the 
t b ota ar |o nt M croscop e changes were charade 81 c of ma 
I gnant cart lag nous growth Chondrosarcomas are ra e n 
younger ch id en (Courtesy of Or Barbara St mson Poughkeep 
s e N Y } These changes resemble those seen n some cases of 
dysplas a ep physeal s hemomel ea (see P g 8 347) 


Fig 6 736 -Osteogen e sarcoma osteoblast c type n a boy 
It yea s of age A frontal and B lateral pro eel on The dstai 
end of the feme af shaft e f 1 ed w th an rregu arty rad oiuceni 
mult loculafed mass The overly ng cortex a part a ly destroyed 
on the med al poster or aspect where f ne rad al bony sp eulat on 


735) without precedent exostosis or enchondrPina. 

Fibrosarcomas are rare and usually affect youpg or 
middle aged adults The femurs and tibias are com 
monly involved The basic radiographic change is a 
patch of diminished density in opaque bone di>o to 
the destTUCtion and replacement of spongiosa and 
cortical wall by fibrous neoplasm The medullary cav 
ity IS dilated and the cortical wall eroded on its \ntei 
nal edge The radiographic diagnosis is never coi’clu 
sive final diagnosis must be made from microsC-opic 
changes in the tumor 

Hemangiomasarcomas are rare and the exact ago 
distribution is not known to me They produce radi 
ographic changes similar to the fibrosarcomas snd 
the diagnosis can be made only by microscopic stiidy 

Osteogenic sarcoma is the most common pnruary 
malignant tumor which grows in the bones of chil 
dren Most of these neoplasms are found m patients 
in their second and third decades Pnor to the 6th 
year of life osteogemc sarcomas are very rare IP Ail 
but a few cases the femurs or tibias orhumeruseF are 
affected at one of their ends Pain of short duration 
followed by local swelling 1 $ the cardinal and often 
the only complaint At the time of recognition of f-heir 
disease the patients are in good health with nofmal 
stature and good nutnuon All laboratory finding^ are 
normal save for the serum alkaline phosphatase ac 

exienOs beyond ibe cortex nto tbe ext sosseous neopfasi e 
mass In tbe soft t ssues of the popi teal apace s a la ge rreoufsr 
mass of neoptast c bone The la ge rad olucent segments of the 
tumor wb ch 0 late the medullary cavity are mada up of c^on 
dro d and osteo d mat x w th meager col agen content 
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PI9 8 737 -Osteogen e sarcoma (rr eroscopc diagnosis) of 
the right femoral Shalt in a girl 6 years of age Above muchofthe 
tumor 8 external to the shaft below replacement of compacia 
and spongiosa by the osteoid and chondro d matrix of the neo 
plasm has produced extensive irregular rarelaoton The reader 
will appreciate the wide varlat on m radiograph « appearance of 
different oateogenio sarcomas by eompar ng f gures 8 736 to 
8 739 


tmty which is only moderately increased in most pa 
tients Greater increases in alkaline phosphatase 
usually mean a rapidly growing highly maLgnant 
primary tumor or metastatic spread This spread oc> 
curs by way of the blood stream lymphatic metasta 
see to regioTial nodes axe rare Blood borne inetastases 
lodge in the lungs most frequently with only occa 
sional spread to other bones or the viscera 
The cardinal radiographic finding is calcification of 
the tumor tissue well beyond the normal limits of the 
bone in which the neoplasm is growing (Fig 8 736) 
with thickenings of the regional cortical wall exter 
nally (Fig 8 737) Often the extracortical tumor tis- 
sue has radial streaks of increased bone density On 
the other hand in some highly malignant osteogenic 
tumors the malignant osteoblasts replace bone but 
produce little or no bone themselves (Fig 8 738) they 
produce pnmitive osteoid The actual radiographic 
picture has a wide spectrum although most panents 
present a highly suggestive pattern of changes Tis 
sue specimens taken at biopsy usually have a hngh 
content of alkaline phosphatase but with no increase 
in acid phosphatase activity The latter 1$ high in 
giant cell tumors 


JuxtacoTticttl osteogenic sarcoma grows from the 
extemal edge of the cortical wall m contrast to the 
standard osteogenic sarcoma which grows from in 
side the medullary cavity outward Most of the juxta 
cortical tumors grow slowly metastasize late and 
have low malignant potentials Patients younger than 
15 years are rarely affected and in more than half of 
all patients the distal end of the femur is the site of 
involvement Mild pain may be felt for years before 
die diagnosis IS made In the film an opaque mass of 
bone density in the soft tissues near the distal end of 
the femur fuses to the edge of the femur on a broad 
base There IS little or no bone destruction The mahg 
nant lesion simulates a sessile peripheral osteochon 
droma radiographically Biopsy is essential for deflni 
tive diagnosis Malignant masses of primitive connec 
nve tissue which contain bone and cartilage may 
grow near bones without direct attachment to them 
These are called extraskeletal osteogenic sarcoma 

HeutobOuttamas m. growing lyanes axe usually mul 
tiple metaphyseal m location and associated with a 
pnmary tumor in the adrenals or sympathetic gang 
lions Occasionally however a solitary neuroblastoma 
(Fig. 8 739) develops in a smgle bone 

Multiple sclerotic osteogenic sarcomas were found 

fig 8 738 -Osisogsmc Mrcorns osleod type In a girl 12 
vests ot sge Tb« spong oss enb cortex pi s «)e^ termmil seg- 
ment ol tbe shsft tre extensively destroyed The adjeeent epiph 
yss 1$ not sffecied Absence of diletstion of the eheft is note- 
worthy There is some cort eel th cken ng but no roentgen ev 
dence of neopieshc osteogenes s The tumor wea made up el 
most exclusively of osteoid end ehondroid matrix 
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Pig. 8 739 Unusual y la ge '8d olucant nt amedut 

lary neuroblastoma (m eroseop e 0 agnos $) n the rght t baot a 
boy 9 years of age The expand ng (umo has d lated (he medui 
lary cav ty abraded the ove ly ng cort cat walls ar>d replaced me 
more opaque bone w th more rad o ueent neoplasm (necropsy) 
A f ontal and 8 late al p ojeet ons 


in a gid 5 years of age by Moseley and Bass Multiple 
images of mtense ivory density were scattered throu^ 
flat and tubular bones (Fig 8 740) They considered 
this a distinct radiographic entity because they found 
almost identical radiographic descnptions in three 
other cases two in girls 7 and 8 years of age and one in 
a boy of 15 The two patients of Singleton and col 
leagues were a girl and a boy 6 and 5 years of age The 
number size and distribution of the sclerotic osteo- 
gemc sarcomas suggested that these lesions might be 
mulucentnc rather than metastatic 
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Benicn NONosTEocEKic TCMORS -Bane cgsts 
These are localized benign fibrocystic destructive le- 
sions which have no power of bone production The 
spongiosa at the end of the shaft is destroyed and re- 
placed by a mass of fibroblasts capillanes macro- 
phages and giant cells Central liquefaction necrosis 
of the fibrous mass gives nse to cysts filled mth se- 
rous or serohemoTTbagic fluid and surrounded by A 
thm fibrous wail which usually contains some giant 
cells Hus localized fibrocystic lesion is also called 


Fig 8 740 Mull pie sele ot c osteogen css comas n the pet S m tat see otc tes ons were a so present rithecaia a rbs 

vcbones femurs and r ght l b a of a g ISyearsofage Scierotc elav Cessna the lubuii snd round bones ninea msandhanfls 
bony masses a e a so ev dent n the soft t ssues beh nd the Knee (Red awn I om Moseley and Bass ) 
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Rg 8 741 -Simple cone ey«t in tn«proxim<i«n4 of th* 
humerua of a boy 16 monlha of age from wheh 30 cc of yellow 
lah fluid wee aspirated Tce overlying oonex la tnmncd from with 
m and me apongioaa la deatroyed and repfaeed by fibroua tissue 
and flu d The cyst extends to me prov sionai zone of cakifica 
lion but does not break through and the epiphyseal ossificaiion 
center is not aliected There are incomplete fractures m me 
th nned cortex 

Fig 8 742 (right) -Serial changes Curing heaimg of a simple 


bone cyst m me lemorai neck of a boy 8 years of age A| the un- 
treated cyst with a naircw zone of normal bone 3 mm deep be- 
tween the proximal edge ot the cyst and the previa oital zona B 
2 months laier after curettage and insert on of bone eh ps The 
zorte of normal bone between cyst and provisional zone has 
deepened to 7 mm C S months altar A. The zone of normal bone 
hes increased to 11 mm in depth and the cyst it smaller D 19 
monlha alter K The zone of normal bone is now 22 mm deep and 
the cyst is about a iounh its earl er s ze 


localized osteitis fibrosa cystica Simple bone cysts 
wjwswjf. brwA 'iAV.'pvVS/ia. 'ZiJi.wi 135 
osseous hemangioma with local hemorrhage and 
bone resorption As the lesion enlarges the medullary 
cavity of the bone is dilated and its overlying COTtex 
IS eroded on the internal aspect There is no new bone 
formadon except in the case of pathologic fracture 
when callus formation causes local cortical thicken 
ing The cyst may also elongate with increasing age 
until It occupies several inches of the terminal seg 
ment of the shaft An interesting and characteristic 
feature of the simple bone cyst is tis failure to extend 
into the epiphysis directly adjacent to it As a result 
the proliferating cartilage remains intact and epiphys- 
eal growth IS not affected 

Jonathan Cohen in a study of the dramage of an 
opaque contrast agent injected uito two simple bone 
cysts found that there was no drainage by way of tbe 
metaphyseal veins which led him to the hypothesis 


that obstruction to metaphyseal drainage may be the 

had shown previously that the chemical elements m 
the fluid in simple bone cysts are similar to those in 
blood serum He pointed out that one weakness of his 
hypothesis is the fact that drainage from the marrow 
cavity of the proximal end of the humerus has not 
been sadsfactonly demonstrated radiographically 
using opaque contrast agents in normal children. 

Such cysts (Figs &-74I and 8 742) are found in tbe 
metaphyses of the larger tubular bones, commonly in 
the proximal ends of the femur and humerus They 
cast a shadow of diminished density owing to the fo- 
cal destruction of the spongiosa and cortex (Fig 8 
743) In the case of large cysts the end of the shaft is 
dilated and the surrounding cortex is eroded to paper 
thinness sometimes to complete atrophy and patho- 
logic fracture Remnants of the spongiosa and ridges 
of callus may give rise to a irabecu)ated multiJocular 
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Pg 6743 -fc bone (m cTOSCop c « agws 4) inthe^etal 
end of the shaft of the f buia the medullary cav ty is d lated and 
< lied w th a mess of water dens ty n which no bone s v s bte 
The overlying cortex is th nned due to pressure atrophy on ts 
nternal aspect In B the 3rd metacarpal of a g rl ii years of age 


4 d lated and fled w th a rad o ucent mass of water density 
wh ch appears to be mult locular Tha cortex s at oph c from 
me naf eros on the adiacent ep phys a s enlarged The m era 
scopcnalurewasnot proved boneeyst enchond omaandaneu 
rysmai bone cyst we'e cons dared among the poss b 1 1 es 


Fig 8 744 -Ep dermal cyst (ep dermo doma) of the dslal 
phalanx of d g 1 4 of a g rl 6 years of age The phaiarrx s enlarged 
and d lated w th internal e os on of the cortex and spong osa 
Opaque Pane s replaced by a rad olucent mass wh ch oecup es 
more than two-thrds of the shsft The epphysesi osslcaioo 
center snot affected (FomHensey) 



loentgen pattern Large cysts of this type may de* 
velopin the body of the calcaneus 

Several lesions in the metaphyses may cast cystlike 
shadows in the ends of the sh^ts of tubular bones 
namely physiologic cortical defects desmoplastic 
fibromas of bone bone abscesses chondromas osteo- 
lytic sarcomas monostotic osteitis fibrosa cystica 
eosmophihc granulomas giant cell tumors nonosteo- 
genic fibromas and parasitic cysts The osteolyuc sar 
comas destroy the end of the shaft with little or no 
expansion of it Giant cell tumors are rare in children 
and characteristically involve the epiphyses as well 
as the metaphyses Eosinophilic granulomas and lo- 
calized osteitis fibrosa cystica produce the same cys- 
tic rarefaction but do not usually dilate the shaft In 
the early phases of all of these destructive cystic 
metaphyseal lesions a conclusive roentgen diagnosis 
cannot be made and biopsy should be resorted to 
without delay Even m biopsy specimens which often 
do not represent the whole cystic lesion the micro- 
scopic findmgs may be judged differently by expert 
enced pathologists 

Epidermoid cysts of a terminal phalanx of a digit 
of the hand were reported by Hensley and Byers in 
1966 In Hensley s patient (Figs 6-744 and 8 745) a 
girt 6 years of age pain and swelling had developed 
four months before radiographic study (Fig B-744) 
Curettage revealed white caseous material surround 
ed by a cyst wall The cortex was eroded through on 
the ventr^ aspect Healing was prompt after insertion 
of bone chips in the surgical defect The affected fin 
ger had not been injured pnor to onset of pain Hensley 




cited this as the first example of epidermo d cyst in the 
long bones of a preadolescent patient In the same 
year Byers and associates reported a case in an adult 
(Fig 8-745) 
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Penosteut juxtacorticol chondroma (Lichtenstein 
^nd Hall) develops as a slowly growing lump over one 
Of the long bones Some are painful and tender while 
others are painless They originate below the perios- 
teal connective tissue and produce local cortical 
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Fig 8 746 — Pa niess per o&teal juxtacortical chonarocnaotthe 
t b a of a boy 20 months of age A frontal and B lateral pro ec 
t ons The cortex is th ckerred external y and sclerosed w in a 
craterl ke delect n the summ t o1 the bony th chetv rrg Exc s or* 
d sclosed a mass of cart lage nestled n the ap cal delect wh cn 
was lobuiated hyal ne and basoph I c. 


thickening by stimulation of the osteogenetic perios 
teal layer The apex of the thickenmg is scooped out 
into a craterhke depression which is occupied by the 
radiolucent chondroma (Fig 6 746) Lesions of this 
type have been found on such large tubular bones as 
thefemur(F]g 8 747) tibia and humerus and also on 
the shorter tubular bones of the hands and feet Block 
excision of the thickemng with its mass of cartilage 
in the sumnut bnngs permanent cure 
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C/iondrotnj/xoid J^bromo of bone was reviewed in 
20 children 5 10 years of age and in 57 aged 10 19 
years by Feldman and colleagues The peak age inci 
dence is in the second and third decades The femur 
and (ibia are the most frequently affected bones oc 
casional examples were found in the hbula the bones 
of the upper extremity nbs pelvis and feet A verte 
bral lesion was found in a single patient In children 
pain swelling and limitation of mouon were the 
common and often severe complaints these serve to 
differentiate chondromyxoid fibromas from benign 


Fia 8 747 -Juxucort cal chond oma (m croseop c d agnos sj h'e " Proieci on (0) At th# end of the shaft the ventral 
of the femur of agri 13 years of age A and C asymptomai c cort cal wall s sigwiy ih ckened and aceret c external to wh ch 

r ght knee B and 0 pa nful left knea wh en had been tw sled one « » rad oioceot mass of can lage wh ch s ts on a th n sclerot c 

weekbefore Theleson sbaaiyvsbfe o Ifontat protect on (8) base and abovewhcMhe cortex s th ckened and sclerct e 
aa a poorly def ned patch of d m n shed dens ty but s clearly v s 
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cortical defects which are consistently asymptomat 
ic Subpenosteal chondromyxoid fibromas produced 
external abrasion of the cortical wall and simulated 
early small hbrous cortical defects The intramedul 
lary lesions were charactenstically sharply defined 
oval 01 round radiolucent patches which vaned from 
pinhead size to the entire width of the medullary cav 
ity Grooves and ndges m the overlying cortical wall 
produce false trabeculaoons radiographically During 
the later phases when the tumors are large the con 
tiguous cortical wall may bulge externally The per 
losteum however remains intact Calcificauon in 
the tumors is rare (2%) as is pathological fracture 
(3%) RadiographicaUy chondromyxoid fibromas re- 
semble several other lesions (benign fibrous cortical 
defects nonosteogemc fibromas fibrous dysplasia 
enchondromas simple bone cysts and proUTerative 
reticulosis eosmophilic granuloma) Satisfactory diag 
nosis can be made microscopically 
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Eptphyseal osteochondroma is a benign over 
growth of the epiphyseal cartilage in which separate 
supernumerary ossifications appear with advancmg 
age (Fig 8 748) 
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Benign chondroblastoma usually grows m one 
femur or tibia at the knee or one humerus at the 
shoulder The lesion originates in the epiphyseal car 
alage but may extend later to the contiguous mcU 


physis k Is virtually nonexistent dunng the first dee 
ade of life but common during the second decade 
The most common site of growth is the greater tro- 
chanter of the femur and then the greater tubercle of 
the humerus (Fig 8-749) The basic radiographic le- 
sion IS the replacement of bone by more radiolucent 
chondroid tumor tissue and blood vessels focal calci 
fications may stipple tbe radiolucent patch and blur 
Its edges (Fig 8 750) 

Pt» t T4S -Sen pn chondtobissiema tiNC oseop e 6 agnm s) 
A Che tiumeruS Of a c 112 years ol age In the humeral head s t 
large but poorly del ned patch ol d m n shed dens ty in ta lateral 
Ita I n ih s rad oiueent sagmeni la ge and small tclerot e patch 
«3 a e ev dent 
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Fig e 750 -Chandrotitastoma of bona ben gn type (mcro to tb« shall although the tumor a n contact wth tha ep physeal 

scop c C agnos a) in the t b a ol a g n 9 years ot age who com cart lag nous plate (Redrawn from Sherman and Uzel ) 

pla ned of pa n n the knee for s x months Oestruct on s I m ted 


Fig 8 7S1 (tall) -Aneurysmal bone cyst n the proi mai ertd of 
the ulna oi ag r1 13 years ol age who had compla ned ot pa n and 
swell ng in the elbow for three months A rad ograph show ng 
the d lated end of the u na n wh ch a th rt aheil of borte sur 
rounds the relat vely rad olueent tumo s and many bony r dges 
andseptumstraversa the dialed medullary cavity e photograph 
ol a long tud nal sect on ol the ulna show ng honeycomo of 


pone surrourtd ng the 0 fated vessels and vascu ar apeces (From 
Barnes) 

Fig 8 7S2 (r ghl) -Aneurysmal bone cysi of the ulna in an 
adolescent boy fmeroscop ed agnos s) The term nal segment ot 
the ulna s d lated and coma ns a large rad olueent patch over 
wh ch the cortex s ih nned The 0 aied segment was I ed w th 
hemorrhag c I brous t ssue (From L chtenste n ) 
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Fig 8 753 —Aneurysmal bone cyst in the body «mj neural arch Much of the right side of the body and the neural arch are de- 

of the C 6 vertebra of a boy 10 years of age (microscopic diagno stroyed (Redravrn from Lichtenstein ) 

a s) He had had pa n in the neck worse at night, for two months 


Fig 8 7S4 -Aneurysmal bone cyst of the aih metacarpal of a fig I 7SS -Aneurysmal bone cyst in the femur (mieroseopiO 
boy 10 years Of age (mieroscopio diagnosis) The medullary can d agnosis) of a g<rl 16 years of age who htd had local pain and 

ly IS d lated and the overly ng cortex reduced to paper tn nness awelling lor several weeks The large defect does not extend intd 

(Redrawn from Lichtenstein ) the epiphysis sth n shell of bone best seen in the eiudal levels 

ouii r>es the Isieral edgs of tns cyst 




Bone Tumors / l261 



Pig * 756 -Ansurysfnal bone cyst o* '*'• 

f butar shaft (m croscop c d agnos s) O'ox mat segment •* 
d lated and the cort eat waits are reduce^ paper th nness The 
apong osa s replaced by mater at o< eta^et ■Jens ty The meta 
phys s and prov a onal aone of calc f ca* 5" *’ cupped 

The ep physeal oss f cat on center la ra ** but not d fated and 
is probably not affected Th s boy was S /> 7*® * *9® 
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Fig 6 7M —Aneurysmal bone cyst {m croscopic d agitos i) " 
the rght pub c bone of a boy 12 years of age The bone s sWOl 
len and rare! ed w th d latat on of ts medu la y cav ty and 
phyof 15 cort cal walls 

Sherman R. S and Uzel A R Benign cbondroblastom# of 
bone Its roentgen diagnosis Am J Roentgenol 76 ll37 
1956 

Aneurtjsmal bone cysts (hemangtotnatouaj occ'it 
most frequently in children and young adults 
neural arches of the vertebrae and the shafts of the 
long bone«^aie the most commonly affected sits® 
Jaffe suggested that the cysts result from hemPT 
rhage follotved by local regorpnon of bone They co^ 
sist of varying amounts of blood and connective 
sue withancrease in the latter as the lesion gets old 
er The compacia is dilated locally by the cyst tvhiCh 
finally becomes limited by a thin shell of bone whiCh 
IS the niost characteristic radiographic finding (Fi^s 


Ftg STW —Ai\«\Mysmat bone cyst 
tat on of the sp nous process «vh ch 


otthe at aswlh cyst cd la 
s jurrounded by a th n shell 


of bone n a g rf 4 years of age who had had pa 
three months {Redrawn tromTaylor) 


n the neck for 
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6 751 to 8 754) In the ends of the femur and tibia 
aneurysmal bone cysts and benign conical defects 
may be cbfflcult to differentiate radiographically 
Once diagnosed aneurysmal bone cysts should be 
removed immediately because of their great potential 
for rapid extensive destruction of bone (Figs 8 755 
and 6 756) They should be looked for carefully radi 
ographically when children have recurrent pain in 
the spine (Fig 8 7S7) We have seen a large aneurys 
mal cyst In the pubic bone (Fig 8 758) 
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Osteoid osteoma according to Jaffe isasmalloval 
benign tumor of bone made up of osteoid and trabecu 
lae of newly formed osseous tissue embedded In a 
substrate of highly vasculanzed osteogenic connec 


live nssue It has been located in the spongiosa in 
some cases and in the comcalis in others Although 
the osteoid lesion itself rarely exceeds 1 cm in diame- 
ter the reacQve penfocal bone sclerosis which ac 
companies it may be several centimeters in its long 
est diameter The characteristic roentgen findings 
include a small radiolucent shadow surrounded by 
extensive bony ihlckerang and sclerosis (Figs 8-759 
to 8 76!) Heavy roentgen penetration is usually nec 
essary for optimal visualizabon of the tmy osteoid 
osteoma encased in its heavy envelope of dense bone 
Planigrams (Fig 8-762} axe helpful in demonstrating 
the nidus more clearly and this is essential for a sat 
isfactoiy block biopsy which must include the nidus 
Planigrams should be resorted to in all cases in which 
the diagnosis is in doubt 

Sometimes an osteoid osteoma may appear and 
grow with bttle or no marginal hyperostosis this is 
especially tme in ihe neck of the femur where the 
lesion is inside the articular cavity of the hip At the 
proximal end of the femur an intracapsular osteoid 
osteoma may sometimes be assoaated with diffuse 
inflammatory reaction in the neighboring synovium 
and other articular tissues which includes villous 
hypertrophy of the synovium dilatation of vessels 
and a cellular exudate of lymphocytes and plasma 
ceils all of which may suggest rheumatoid arthritis 
cdinlcally and radiograpliically (Case Records of Mas- 
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Fig. 6 760.-lntraeertieal ast«o<d osteoma of t^e madshaft of 
the left tibia of a girl 15 years of age A frontal and 6 lateral 
proiect orta The cortical walls are thickened and sclerotic both 
internally and externally The rad olucent nidus (arrows) <8 local 
ed penpherally m the dorsal cortical wall (B| 


sachusetts Gen Hosp , case 3&-1961 New England J 
Med 264 1053, 1961) Occasionally the regional hy 
perostosis is limited to a narrow stnp in the margm of 
the contiguous bone, which has been called nng 
sequestrum." The osteoid osteoma itself may become 
partially calcified and suggest a small sequestrum 
radiologically This lesion occurs in children but is 
most common In adolescent boys and young men The 
tibia and femur are most often affected and tubular 
bones of the hands and feet are common sites espe- 
aally the basal phalanges (Fig 8-763) but osteoid 
osteoma has been found in all other bones save the 
nbs and calvana. One of our patients had typical pul 
sating pain in the knee which worsened at night The 
epiphyseal ossification center of the abia was diffuse- 
ly sclerotic in its lateral half which contained a ra 
diolucent patch or mdus Osteoid osteoma was not 
proved microscopically, but the cluucal and radi 
ographic findmgs were highly suggestive of an os 
teoid osteoma m an epiphyseal ossification center 
Local pain which may be chrome and severe, is the 
only important cliracal manifestation and this is 
promptly relieved by excision The radiologist should 



ng 8 781 -TypiMl csteeid osteoma (microscopic diagnosis) 
of the femur with a small radiolueent nidus (arrows) and regional 
sclerosis and ihiehenmg of the neghbonng corticaf wall This 
boy 6 years of age had had severe pulsating pain in the right 
iNgh for several months 


Fig 8 782 -Osteoid osieoma in the ulna of a boy 3 years of 
ege A, standard film m which the sclerosis and swelling of the 
shaft are clearly visible but the nidus is not vis ble 8, plamgram 
m which the n dus is clearly vis ble as well (arrow) 
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Fig t 7S3 -Osteo d osteoma { ntracortica> of the prox mal 
phalanx of the Index f nger (m croscop c d agnos s) A frontaf 
and B lateral project ons The rad olucent n dus (arrowt) has a 
central patch of scieros s ivti ch produces a Dufiseye pattern 
In B the n dus and its surround ng segment of scleros s a e both 
n the vent ai eort cal wall of the phalanx 


remember that the clinical signs of pain may be pres* 
ent and persist for as long as two years before the ra 
diographic changes become visible Pamfut pseudo- 
paralysis may cause muscular atrophy and suggest 
acute pohomyehtis and poscpoliomyeliuc muscular 
weakness and aoophy in some cases The pains of 
osteoid osteoma often respond favorably to acetylsaL 
cylic acid m small doses and suggest the rheumatic or 
rheumatoid state It is evident that Garre s osteomye- 
Lns sicca and osteoid osteoma are probably identical 
disorders 

It has become manifest with increasing expen 
ence that osteoid osteoma is not a rare disease during 
the first decade of hfe and that ui many cases pain 
may be much less severe and much less protracted 
than in the first cases reported Also it seems likely 
that the lesion is self bmited and disappears sponta 
neously after variable penods There is for example 
no case on record in which an adult had a persistent 
osteoid osteoma with the antecedent history sugges- 
tive of tbelesion dunng childhood. In some cases the 
pain limp and radiologic features have lasted for as 
long as six years 
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Fibrous dysplasia monostotic type may resemble 
neoplasms and bone cysts radiologically although it 
appears to be a dysplasia structurally The medullary 
cavity IS usually dilated with Internal atrophy of the 
cortex at the same level m the shaft Often the 
thinned cortex bulges sharply externally in compen 
sation for the local increase in intraosseous pressure 
(see the involved bones m Fig 8-396) At the site of 
this dilatation the medullary cavity is filled with a 
rubbery fibrous tissue in which are scattered uuiu 
merabie newly formed trabeculae of immature bone 
In some lesions islands of hyaline cartilage are also 
found Actual cysts may form foUowmg local hemor 
rhage or degeneration which may also give rise to bp- 
id laden macrophages and lead to the erroneous mi 
croscopic diagnosis of lipogranulomatosis of some 
type Insomepaitsofsomelesions so much immature 

Pl^ B 764 -Local red f brous dysplas a [m eioaeop e d agn> 
» s) of (he temofai neck of a g d 8 years of age The iarge rad olif- 
cent patch rep esenu replacement of opaoue bone by radolu- 
cent f Brous t ssue with ma g nal scleros s iate ad 




Fig a 765 -Muitiloculated cysti ke type of fibrous dyspias a 
A, localized fbrous dysplasia (microscopic diagnosis) n the 
proximal third of the left tibial shaft of a girl 13 years of age The 
irregular muitiloculated cystic pattern of densities is cast by is 
lands of hyaline cartilage mixed with opaque bene spicules and 
radiolucent whirls el connect ve tissue and cadioiucent local 
hematomas 6, cystic type of f brous dysplasia which has d lated 
the medullary cavity of the humerus and abraded the overlying 
cortical wall of a girl 7 years of age 

bone may form in the connective tissue that the fibro- 
sis is largely replaced by new bone 

The radiologic changes depend on the degree to 
which the different elements are developed \Vhen 
fibrosis predominates the radiologic image is largely 
radiolucent, when immature bone replaces most of 
the fibrotic tissue, the radiologic image is largely scle 
rone with a smudged or ground glass texture (Fig 8 
V64) The smudged or melted textures of the cystic 
segment are the most characteristic radiographic 
changes Coarse opaque trabeculae in the radiolucent 
cystic patches are cast by the calcified bony branch 
rogs in the radiolucent rubbery fibrous mass In the 
bones of newborns the ground glass smudged texture 
may not be present in the ' cystic ' areas Large is 
lands of hyalme cartilage whoiled masses of fibrotic 
tissue and local hemorrhage and degeneration cast 
cystlike images (Fig 8-765) Coarse, curving columns 
of immature bone extending along the edges of the 
fibrous masses produce a muitiloculated pattern 
Masses of new bone in the connective tissue often 
taper off from the radiolucent segments m a flame- 
shaped sclerosis 

The individual basic lesions of monostotic fibrous 
dysplasia are identical with the single lesions of po- 
lyostotic fibrous dysplasia and also the individual 
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bone lesions of the McCune-AIbnght syndrome, 
which includes hyperpigmentation of the skin, accel 
crated maturation of the skeleton and precocious 
puberty as well as polyostotic fibrous dysplasia (see p 
1061 ) 
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Giant cell tumor of bone is virtually nonexistent in 
infants and is exceedingly rare before the third dec 
ade of life This diagnosis fn a prepubescent mdividu 
a) should be rejected until confirmed by authontative 
consultations The tumor usually grows at the ends of 
one of the longer tubular bones-a femur or tibia at 
the knee or radius at the wnst occasionally it is en 
countered m the ends of other long bones and m the 
patella talus and calcaneus Local pam is the first 
symptom and often appears after pathologic fracture 
General health is not affected The basic radiographic 
change is a radiolucent patch which indicates the 
replacement of bone by the more radiolucent tumor 

Fig 6 766 (iiaot cell tumor of Ihe humerus of s boy 4 years 
of age The cyst c rarefaciion of the swollen proximal third of tha 
Shaft IS trabecuiaied and has a muliiloeular pattern The adjaeane 
ep physeal ossification center (arrow) also shows an area of eys 
I c rarefaction The concomitant destructive changes in Ihe epi 
physeal ossification center and in me shaft are charaeterrstre of 
giant cell tumor 
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tissue At the same level the medullary cavity is di 
lated and the cortical walls are thinned from the in 
side (Pig 8 766) This picture is of course, not diag 
nostic because it can be simulated by many other le 
sions notably nonosteogeiuc fibroma eoslnophibc 
granuloma and aneurysmal bone cyst The pnncipa) 
value of the radiographic examination is demonstra 
Qon of a bone lesion the nature of which must be 
determined on chnical and microscopic grounds 
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Nonosteogenic fibroma -According to Jafle and 
Lichtenstein there is a type of locabzed fibrosis of the 
ends of the shafts which should be differenuaied 
microscopically at least from bone cysts giant cell 
tumor and eoslnophibc granuloma They caD this 
fibrous tumor a nonosteogeiuc fibroma It is common 
ly located In the lower extremities of individuals 6- 
31 years of age The terminal third of the shaft is the 
site of predilection the spongiosa is partially de- 
stroyed, but at some distance from the cartilage shaft 
junction froml-2in of normal bone is usuaJly inter 
posed between the epiphyseal plate and the edge of 
the fibroma. Small fibromas are eccentric lying near 
er to one side of the cortical wall the spongiosa on 
the Internal margin of the tumor is thickened (Fig 8 
767) In the case of larger tumors the spongiosa may 
be completely destroyed the medullary cavity dilated 
and the cortex thinned Trabeculadon in the mass 
may cast a reticulated multilocular shadow The diag 
nosis Is made by microscopic examination This tu 
mor is made up of whorled bundles of connective tls- 


Fig g 768 -Them induced tumor of the fibula ofaboy6year8 
of age There <S an extensive lusilorni cortical th ekening around 
a targe rad olucent patch of destruction in the midd e th rd of the 
Shalt Attheugh there was no evidence of a puncture wound In 
the Overly ng stem a palm thorn was found In tne center of the 
destructive segment at surgical exploration and biopsy section 
(Prom Maytann ) 
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sue cells with relatively few vessels multinucle^ 
giant cells are loosely interspersed through tb® 
connective tissue The lesion disappears after cure* 
tage and does not recur 

In one of Jaffe s patients 9 years of age a benign 
cortical defect had converted into a nonosteogenJ® 
fibroma when the boy was 13 years old 
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Foreign body tumors of bone are in the experi 
ence of Maylahn induced exclusively by the thorns <>f 
plants either In or near the bones (Fig 8 768) Th® 
reaction may be osteolytic or osteoblastic singly or 
combmation Lesions of this type should be consid 
ered in radiologic diagnosis in commumties whef® 
children are exposed to plant thorns especially whet® 
palms are common 
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Malignant NONOSTEOCENic tumors -The skeletal 
changes found m leukemia reticulum cell sarcoma 
and Hodgkin s disease are discussed later m (he seC 
tion on blood and blood forming organs Much pef 
haps all of the malignant proliferation of reticuluttt 
cells in the bone marrow of leukemic patients is pt* 


mary there and is not metastatic from the lymphatic 
structures In this sense leukemia is by far the com 
monest type of pnmary malignant disease of the 
growing skeleton In most cases of so-called leuko- 
penic leukenua pnmary malignant reticulosis of the 
skeleton would be a more exact designation 

During childhood Emng s sarcoma is the only other 
unportant pnmary malignant neoplasm of the skele 
ton which is denved from the nonosteogerac tissues 
in bone It is doubtful that myelomas occur pnor to 
puberty although they are occasionally found in 
young adults Fibrosarcomas and neurosarcomas are 
rare tumors which affect bone secondanly by exten 
Sion from neighbonng soft parts Their roentgen 
changes are not characteristic areas of bone destruc 
tion appear on the margins of the shaft and then ex 
tend mward In some cases the exact diagnosis and 
estimate of their malignant status is uncertain even 
after biopsy 

Etving s sarcoma is not common and is much less 
common than osteogenic sarcoma. It has been found 
at all ages from infancy to the seventh decade of life 
but the majonty of cases occur during the second 
decade Few cases are seen in children younger than 
5 years Almost any bone in the body may be affected 
but these sarcomas grow most frequently in the fe 
mur ibum humerus and tibia In Dahlin s large se> 
nes the tumors onginated in the metaphyses more 
frequently than in the shafts In contrast to most of 
the pnmary malignancies in the growing skeleton 
these patients are sick with fever weakness pallor 
lassitude and leukocytosis and the sedimentation 
rate of their red blood cells i$ increased Local pain 
and swelling are the dominant complaints Radi 
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Fig 8 769 - Ew ng 8 sarcoma (m croscop c 
d agnos $) of the left femur wh eh appears to be 
d aphyseal n the m dd e th rd only at 3 years of age 
(A) but wh ch has become metaphyseal s x months 
late (B) and desp te roentgen therapy caused 
extreme destruci on of the metaphyseal bone at 5 
years of age (C) The com guous ep physeal 
OSS ( cat on center is not affected All the changes 
resemble those caused by nllammatory d sease 
The rad ograph c changes of Ew ng s sarcoma are 
not usually dagnostc n themselves 
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Fig B 770 >Ew ng « «a eoma (m ero«eopie 0 agoos $) In tha 
left f ou a A long eegmeni of tne eort eel wall el tne pro> mal naif 
of tne f Dula le irregularly th ckened w tn per pne al marg rtai 
Oestruct one aswell These changes arer^et a agn«stcan4cou4 
be due to nflammat on or trauma 


ographic finriings result from the replacement of 
opaque spongiosa and cortical wall by more radiolu 
eenf tumor tissue The chaxiges are not spcafic and 
vary greatly In different patients and in the same pa 
tient at different times (Figs 8-769 to 8 774) The 
tumor cells cannot produce bone themselves but they 
do stimulate local osteoblasts to produce single and 
multiple sheets of cortical bone (onion skfai layering) 
and often radial streaks of bone beyond the cortical 
walls Osteogenic sarcoma redculum cell sarcoma 
eosinophilic granuloma and even osteomyelitis mimic 
Ewing s sarcoma radiographically and the definiuve 
diagnosis must be based on the cLmcal and micro- 
scopic findings Metastasis is common to tbe lungs 
and to other parts of the skeleton 


Dahlln D C 
165 cases 
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Ftbrosarcomas primary in bone are tare at all ages 
they usually develop in young and middle aged 
adults The femurs and tibias are most frequently 
affected The more radiolucent tumor tissue replaces 
compact cortex and spongiosa erodes the cortical 
waUs from the inside and dilates the medullary cavi 
ty These tumors produce no bone The radiographic 
picture is similar in many other neoplastic and in 
flammatory lesions and the diagnosis must be made 
on clinical and microscopic grounds 
Neural tumors — Cells from the neural sheaths do 
on rare occasions grow as solitary masses in bone 
and produce radiolucent defects ui bones These neu 
nlemmomas are usually found in mature women 
Neurofibromatosis of Recklinghausen is assoc: 
ated with a wide vanety of important changes in the 
growing skeleton Regional hypertrophy of the soft 
tissues of an extremity (regional gianQsm) usually a 
leg is nearly always associated with overgrowth of 
the underlying bones Chrome hyperemia of the part 
induced by the hemangiomatous and lymphangioma 
tous elements of the neurofibromatosis causes the 
overgrowth The bones themselves need not be direct 
ly involved but in some cases the periosteum is in 
vaded by the tumor and becomes raised to produce 
localized external cortical thickenings Extension into 
the bone itself may produce a vanety of bone defects 
and roughejungs of the cortical walls Large parosteaJ 
neurofibromas may cause segmental thinness of the 
cortical wall by erosion of it from the outside (Fig 8- 
775) simulating nonosteogemc fibromas and benign 
cortical defects In fetuses and young Infants neuro- 
fibromas usually cause ventral bowmgof the tibia and 
pseudarthrosis (see Figs 8 290 and 8-291) The clavi 
cles may be similarly a^ected Neurofibromas have 
been found at the sites of pseudarthroses in some 
cases but not in others Slight external dimples ui the 
cortical walls and deeper erosive pits have also been 
found with neurofibromas The growth of large neuro- 
fibromas in the medullary cavity to produce large cys- 
tic defects has been claimed by some and denied by 
others such defects are rare in comparison with the 
large external erosive lesions which they may simu 
late in a single projection (see Fig 8 775) AfcCairo/ 
stu<hed two interesting patients in whom the bone 
changes mimicked melorheostosis 
Kyphoscohosis is frequently due to neurofibroma 
tests Acute angulation at the gibbus is charactenstle 
with multiple deformities of the vertebrae at the level 
of the angulation All degrees of scobosis are found in 
association with neurofibromatosis The primary 
curve 15 commonly in the thoracic levels Also neuro- 
flbromas may erode the edges of the intervertebral 
foramens (see Fig 1-407) Ribs in the same level arc 
commonly twisted and hypoplastic Secondary sco- 
liosis may develop in the spme from neurofibromas 
which cause overgrowth of one leg 
In a review of the literature and a study of 46 in 
fants and children with neurofibromatosis Flenman 
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Fig. 8 771 (above lelt) —Low grade osteomyel tis which re- productive changes were present in both lemurs both tibias 
sembles Ewing s tumor roentgenographically In the middle third both hbulas the lelt humerus and ulna and the right scapula, 
of the femoral shaft is a long segment ol moth eaten destruction Microscopically the neoplastic cells were so poorly d fferentiated 

The overlying cortex IS thickened and lamellaled that exact classification was uncertain A majonty of experts 

Fig 8 772 — Polyostot c Ewing s sarcoma in a girl 2 years of consulted favored Ew ng s sarcoma but a minonty of equally 

age (necropsy) A, lemurs frontal projection B right femur tat expert opinion rejected this diagnosis 

era! projection C, left upper extremity Extensive destructve and 



1270 / SECTION 8 The Extremities 



Pig t 773 -Ewing s sareomi of tha pelvis m eg cl 12 years of Fig S 774 -Ewing s neoplasm of the basal phalanx of theSnd 
age (microseop e diagnosis) The entire left ilum Is involved finger of a g cl 14 months of age (mieroseopie diagnos s) The 

There is a large central delect completely devoid of lime on the bone is generally sclerotic with many I ne radiolueent foci and 

margins is an extensive moth eaten rarefaction the overlying soft t ssues are swollen There is no onion peel 

lameilai on of the conical walls and no Codman a triangle Sever 
ai pathologists agreed that tho mieroscop e f nd ngs Indicated 
Ewings neoplasm 


Fig t 77S - Neurol bromstossol the right femur and liblaola dtre lo a large neurofibroma whicn has eroded its dorsal wall and 

g rl e years of age who had many caf4*au la t patches on ihesk n also thickened it at the same time A similar les on is vis Plain the 

and kyphoscoliosis The large rad olucent defect m the femur i$ dorsal cortical wa i of the I bia in both A and S 
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and Yakovac concluded that it is a chrome progres 
sive disease which may be present at birth or appear 
during early infancy and childhood The lesions are 
often ividely spread, involving several organs and sys 
terns The most frequent chmcal manifestations are 
cutaneous patches and tumors of coffee-milk color 
More than one member of a family were affected in 
about one-half the cases Malignancy developed in 
2% of patients under 30 years, but reached an mo 
dencein older patients of 36% Both speech and mo- 
tor power were retarded m development in 11 of the 
•16 patients Sexual development was normal, retard 
ed and precocious in different patients The mammar 
les were enlarged in 6 Severe vascular disease and 
circulatory hypertension and gross malformation of 
the vascular system were associated with neurofibro- 
matosis of the autonomic nenous system Such pa 
bents should be examined for both decreased and 
increased circulatory pressures 
The incidence of neurofibromatosis is esbmaied to 
be 1 per 2500-3300 births Inheritance is autosomal 
and dominant with variable penetrance and an unu 
suaUy high rate of mutabon In the view of Pienman 
and Yakovac, neurofibromatosis is a primary protif 
erabve disorder of the fetal neural crest which ^ects 
the supporting mesenchymal fibrous elements sec 
ondanly It is not clear whether the neural and 
fibrous proliferabons develop independently Obser 
vanons with the electron tmcroscope suggest that col 
lagenous fibnls onginate in the basement membranes 
of the Schwann cells of the neural sheaths 
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Hemangiomas often sumulate the regional soft bs 
sues and bones to overgrowth and give nse to region 
al gianbsm. Sometimes the bones associated with 
hemangiomas show irregular cortical thickenings 
(Fig 8-776) Parsons and Ebbs studied a gul who had 
multiple large skeletal defects (Fig 8-777) in the sites 
of large cavernous intraosseous hemangiomas 

Cystic angiomatosis of the skeleton was reported in 
three children by Jacobs and Kimmelstein Both lubu 
lar and flat bones showed cystlike defects of varying 
sizes In tubular bones, the defects were superficial 
and tended to be near the ends of the shafts In the 
skull, there was no radial stnabon, as is the case m 
many soLtary hemangiomas of the skull Palpable 
masses were usually detected over the bone defects 
The patient of Ritchie and Zeir, a boy 2V» years of 
age, had multiple cysbc lesions tvideiy distnbuted in 
tbe skeleton (Fig 8 778), save in the hands and feet 



Fig 8«77e -irregular coM esi thickening of the f bula (trrewi) 
of a 7 year otd boy w th generalized hemangiomatosis and giant* 
ism of the teg There are similar but less marked thickenings m 
the libia An o1 the bones show conspicuous atrophy of disuse 
and there are many small shadows of caleium density In the soit 
tissues 

Tbe authors pointed out that tbe spine is commonly 
affected and that the roentgen appearance vanes 
with the bone affected In tbe flat bones the lesion 
presents a “sunburst" radial ray pattern, the verte- 
brae are streaked vertically, and in tbe long bones the 
cysts tend to develop at the sites of the vascular fora 
mens for the nutrient aitenes 
Hams and Prandoni considered pnmary lymphan 
giomatosis of bone exceedingly rare They reported 
widely spread multiple cavernous lymphangtomas of 
bone assoaated with congenital lymphedema of the 
forearm in a boy 20 years of age Cysthke lesions 
were demonstrated radiologically in practically all 
bones A conclusive diagnosis was made from micro- 
scopic study of biopsy specimens We have seen one 
example of lymphangiomatosis of the radius and 
ulna, in which the pattern of destruction was 
streakedrather than cystic (Fig 8 779) Shopfnerand 
Allen found multiple lymphangiomas in the skull, 
ribs, humenises, femurs and tibias which cast multi 
pie rsdiolucent images in radiographs (Fig 8-78Q) 
Ihese lesions were asymptomatic In Najman’s pa 
tient, 3% years of age, the skull, long bones and flat 
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ng 8-77t -Hemang omatos sofbone naboy?/ty«ar*ol 
age Long central B«gment«o<tnaai^alt3ar«sc»e o»«dand 
eonta n mult pie aharpiy 0»i ned rad ofueent paicties S m i»r 
ehangeawerapraaant nttieleitetavcie both atfuaea iherghi 
ulna, psiv e bonea and botn (emura The apieen waa enlarged and 
riddled wth targe and email cyat efemang omas Aiierpaihocg e 
fracture n the long bonea heal ngwaa rap d and complete 
(Redrawn from R teh e and 2e r ) 
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Fig 8 779 -Lymphang oma of th« bones and soft tssues of 
•he forearm in a girl 3 years of age The rad u$ and ulna a e w d 
ened n the r m dd e tn rds where the e a e several elongated 
rad olucent defects wh ch are probably the s res of nt aosseous 
lymphang omas The soft tseues of the forearm and wrst are 
greatly swo len 


bones were nddled with dozens of sharply defined 
radiolucent defects Contrast agent injected into the 
cystic defects in the skull remained m situ for more 
than a month Moseley and Starobm suggest that 
hamartomatous cystic vascular formation is the 
mechanism common to all of the vascular deformi 
ties in the skeleton and they prefer the name cystic 
angiomatosis of bone 

Regional angtomatosis of both blood and lymph 
vessels may produce progressive massive destruction 
of large segments of the growing skeleton (Fig 8-781) 
In their two patients Gorham and Stout suggested 
that slight regional changes in the pH of the tissues 
might be the stimulant to rapid overgrowth of blood 
vessels 

Generalized lipomatosis with localized giantism of 
the skeleton and local defects m the bones was 
studied in a girl 6 years of age by Famsinger and Har 
ns They concluded that the bony defects were occu 
pied by fatty tumors 
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Fig 8 781 -Mass ve osteolys s of the left s<le of the 
pe V s n a g rl 5 years of age 15 months after the 
appearance of I mp A the left I um s almost compete y 
destroyed as well as pad of the sacrum and L 5 vertebra 
M croscop e d agnos $ was at f rst p mary fymphartg oma of 
the I um later changed to hemang oma B 10 years later 
there s complete des ruct on of tne left I um and 
pract cally a l of the sacrum and part al desi uct on of L 4 
and L S verteb ae left pub e bone isch um and femur There 
was no ev dance of bone regene at on n any of the s tea of 
bone deewuot on {Bed awn from Go ham and Stout i 


Koblenzer P J and Bukowskt M J Angioinatosis 
(hamartomatous b«m lymphaneioniatous) Report of a 
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Congentf al scattered ^bromatosts Is cbaractenzed 
by widely scattered fibromas and fibrous prolifera 
tions at many sites in many tissues of the body In the 
fatal case of Condon and Allen with death at 3 
months of age multiple fibrous nodules were found at 
necropsy in a great variety of sizes in the skeleton 
lungs hver heart brain skin and large and small 
intestines Each nodule was beheved to be primary 
rather than metastatic Radiolucent patches uidica 
Qve of fibromas were found m the long bones(Fig 8- 
782) and in the nbs scapulas pelvis vertebrae man 



dible and cranium In the cage of Holt calcified sub- 
cutaneous fibromas were evident as well (Fig 8-763) 
these and the bone lesions disappeared before the 
infant reached his 16lh month In the unpubhshed 
case of Pr Alfred Berne of Syracuse N Y, multiple 
metaphyseal fibromatosis was progressive from the 
Sth to the 8lh years when large segments of the long 
bones had become fibrosed and dilated (Fig 8-764) 
Arlen reported partial erosion of the radial and ulnar 
shafts in localized fibromatosis of the forearm of an 
infant 3 months of age 
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DmemlnatedlipogTanulomatosts (Farber) is char 
actenzed by nodular swellings around penpheral 
Joints with regional atrophy of muscles The ends of 
the tubular bones near the affected joints are rarefied 


/ 


\ 



Fig 8 782 -Multiple fi&romatosis of the tubular bones of the legs 
ano flat bones of the peiv sof a pat ent 3 months of age (necropsy) The 
ends ot the tubular bones are swollen and filled with masses of 
radioiucent fibrous tissue Afthe proximal end of the right tib a a long 
Segment ot the overlying cortex has been destroyed The epiphyseal 
bss tication centers are rtot affected 5im lar patches of dimm shed 
dens ty are scattered through the petv c bones (From Condon and 
Allen) 


Fig 8 783 - Multiple defects in the tubular bones in 
the extrem t es of an infant 3 months of age with 
scattered subcutaneous fibromatosis Large 
calciferous foci are alsoev dent inthesott t ssuesof 
the thigh (Courtesy of Dr J F Holt Ann Arbor M ch ) 
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due to disruption of their trabecular meshes The 
lungs are said to contain nodules of both parenchy 
mal and interstitial ongin Early the diagnosis should 
be suggested from the terminal juxta articular ero- 
sions in the bones and juxta articular sivellings of tfae 
soft tissues It IS said that the terminal erosions are 
diagnostic in themselves All recorded patients have 
died dunng infancy 
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ilf(iIi£rRan( metastatic tumors —The mahgnant 
tumors which metastasize through the blood stream 
to the bones of mfants and children include neuro- 
blastomas retmoblastomas and embryonal rhabdomy 
osarcoinas The radiographic features of neuroblasto- 
mas have already been discussed in the sections on 
the adrenal glands and on the skull 
Lymphoblastomas often proliferate m several long 
bones and produce areas of destruction and prodoc 
tion m the metaphyses (Fig 8 785) Both spongiosa 
and corticalis are partially destroyed Segments of the 
overlying cortex may become thickened owing to the 
stunulating action of the neoplastic cells on the nor 
mal bone producing cells in the osteogenic layer of 
the penosteum Such bone formation is wholly a sec 
ondary reactive phenomenon the lymphoblastomas 
per se have no power of osteogenesis 
Lymphosarcomas m bone are rare Sherman and 
Wolfson could find only 10 satisfactory examples of 
lymphosarcoma reticulum cell sarcoma m bone in 
patients younger than 12 years in the huge expen 
ence of the Sloan Kettering Cancer Center in New 
York City dunng a penod of 30 years In 2 of these 
cases the tumors were sobtary and in 8 multiple 
These tumors which are radiolucent replace opaque 
bone usually in the metaphysis to produce a vanable 
pattern of patchy radiolucencies mixed wth normal 
and dead sclerotic bone and sometimes stimulate 
local osteoblasts to thicken the cortical walls locally 
(Fig S-785) They rarely dilate the medullary cavity 
The radiographic changes are not specific or diagnos 
tic because they resemble many other lesions such as 
benign reticulosis infections and other neoplasms 
mcluding leukemia. The metaphyseal transverse 
bands which are common in leukemia were not pres 
ent in the patients of Sherman and Wolfson Some 
long time students of these lesions mamfain that 
there are no significant differences between Ewing s 
sarcoma and reticulum cell sarcoma. Malignant 
lymphoma which is said to constitute one half of all 
mabgnanctes in children in some parts of Africa fre 
quently affects the skeleton especially the facial 
bones sometimes the spme and pelvis but rarely the 
long bones In the United States the mcidentie of 
lymphoid tumors in adolescent pauents is much 



Fig S 7SS -Lympnosarcoms of the tubulsr bones n a g rt 2 
years of age (necropsy) Both femurs show (arge and small areas 
o* desi uct on n the spong osa at the ends of the shafts The ar 
rows po nt to noniumorous th e<cen ngs of the overly ng eort cal 
s The ep ohyses are not affected The medullary eav ty s not 
d ated The bones of the arms also contaned destruetve le- 
s ons These les or>$ probably result from pr mary mal gnant pro- 
ne at on of (he ret cuium cells nat ve to the bone ma row n 
these s les rathe than t om transport of mal gnant ret eufum 
ce 1$ from ge rn centers n the lymphai e structures 


greater in males than m females in the ratio of about 
5 1 but m the very young and very old this rauo ap- 
proaches unity (Rosenberg et al ) 
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Hodgkin s sarcoma is rare in pediatnc praeace 
among 100000 admissions to the Babies Hospital in 
New York City there were but 12 cases of Hodgkin s 
disease The primary lesion is mahgnant proliferation 
of lymph nodes usually m the neck but also in the 
mediastinum abdomen and pelvis Cbnical signs are 
due to local pressure by the swollen nodes The spleen 
is usually enlarged and the lungs and bones may be 
affected secondarily In skeletal Hodgkin s disease 
the spme is most frequently affected then the ilium 
sternum and scapula the long bones are rarely in 
volved The radiographic changes are not diagnostic 
Radiolucent tumor tissue replaces opaque bone to 



Fig e 7t6 -Relieulum ce}&artomaa1\7ied slaian(Jott^»letttb■a 
[microaeopicd agnos a) in wh chthe pr nc paicnangaisd llus« sclerosis due 
to overproduet on qI bone secondary to stimulation ol local osieoblasisby the 
ret eulum cells The long standing hyperermaassoc aledwiihgrowinottne 
neoplasm hasatimulaUdoveigrowthoitheallecwdtbia Radogiapnically at) 
changes could have been caused byosteomyeiis Theiibiaidefectisabopsy 
ste 



ng < 717 -Metastaticreiinobiastomaofthe 
skeleton <n a g ri 9 years of age e ght years alter 
enucleation ol one eye A destructive and 
productive changes in the humerus There is 
considerable cortical thickening which appears to 
bed rectiy subperiosteal 6 massive scleros s of the 
3ra metatarsal The raooiuceht lesions lend to 
become sclerotic w th advancing age 
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produce a wide vanety of radiolucent defects The 
affected vertebral bodies may collapse to produce spi- 
nal deformities and neurologic deficits in the spinal 
cord In some cases the local osteoblasts are imtated 
to produce ivory bke sclerosis of the affected bone 
fletjculum cell sarcoma in bone can be differen 
Uated from Ewmg’s sarcoma and lymphosarcoma 
microscopically only by the most expert pathologists, 
and the diagnosis may not be agreed on by a panel of 
experts The diagnosis can never be made satisfacto- 
rily from the radiographic findings (Fig 8 786) Retie 
ulum cell sarcoma does not metastasize to other 
bones and organs early, as is the case in Ewing’s sar- 
coma, and usually has a longer survival time The 
diagnostic uncertamties of the "malignant round cell 
sarcomas” are illustrated m a patient of ours, a boy 9 
years of age, in whom a destructive focus first ap- 
peared in one ilium and slides for microscopy were 
sent to eight expenenced Amencan pathologists with 
special competence m bone tumors Two of them re- 
phed that the neoplasm was a reticulum cell sarco- 
ma, and one each reported neuroblastoma, embryonal 
rhabdomyosarcoma. Hodgkin’s sarcoma, Ewing’s sar 
coma, lymphosarcoma and chronic osteios Fouryears 
later the patient died ivith several neoplastic foa in 
other long bones, at several levels in the spme and in 
the liver 

Retinoblastoma metastasizes by direct extension 
mside the skull and by way of the blood to distant 
bones in all parts of the skeleton At first the metas- 
tases grow in the marrow of the medullary cavity and 
by their extension destroy spongiosa and the overly 
mg cortical walls Sometimes neoplasuc cells grow 
under the periosteum and lift it so that extra shells of 
peripheral cortex appear In later phases, the neoplas 
he cells stimulate the osteoblasts to excessive bone 
production, and osteoblashc reactions are common 
Both destructive and productive lesions of skeletal 
retmoblastoma are shoivn in Figure 8 787 Skeletal 
retinoblastoma cannot be differentiated from skeletal 
neuroblastoma and lymphoblastoma, radiologically 
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Metastatic embryonal rhabdomyosarcoma fre- 
quently affects the growing skeleton, produemg de- 
structive lesions m the long bones of the extremities 
and the flat bones of the skull, shoulder girdle and 
pelvis (Figs 8 788 and 8-789) The spine is mvolved 
consistently in different patients and may be affected 
at several levels in a single patient Radiographically 
the metastatic lesions of rhabdomyosarcoma and 
neuroblastoma are sinular and easily confused The 
diagnosis rests finally on the microscopic findings 
One important differential chmcal feature of these 
two malignancies of the growmg skeleton is the site 
of the primary tumors m each Primary neuroblasMi- 


mas are usually in the adrenals, or in the sympatJi«hc 
nerve chains, or m the central nervous system itself 
Tlie primary tumors of the embryonal type of rhab- 
domyosarcoma are never found in these sites, they 
occur in many other parts of the body, in muscles of 
the orbit, chest wall, pelvis and extremities 
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Cerebellar medulloblastomas, fn untreated Pa 
oents, may spread by way of the cerebrospinal fluid to 
all levels of the spmal cord and brain, but metast^ses 
outside the central nervous system are rare In treated 
paaents, in contrast, after biopsies and partial ex 
cisions and radiotherapy, several examples of hema 
togenous spread to the skeleton, flat as well as tu 
bular bones, have been recorded The metastatic tumof 
cells cause httle or no destruction of bone but rather 
stimulate the local osteoblasts to diffuse thicP^n 
ing of the spongjosa, which replaces more radihlu 
cent marrow The radiographic changes include re- 
gional generalized mtemal sclerosis (Fig 8 790), es 
pecially in the vertebral bodies Some bebeve, on the 
basis of the reticuLn staui, that these metast^hc 
tumors are cerebellar sarcomas rather than me^ul 
loblastomas 
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Bone Changes with Diseases of the 
Blood and Blood-Forming Organs 

Erttrboblastosjs fetalis (hemolytic disease of 
THE newborn) —This disease results m most cases 
from isoimmunization of an Rh negative pregn^t 
woman by Rh positive fetal erythrocytes The mater 
nal anti Rh agglutuuns later cross the placenta to the 
fetal circulation and hemolyze the vulnerable fetal 
red blood cells The hemolysis of fetal cells before 
birth 15 responsible for icterus, anemia, edema, eryth 
roblastecma, splenomegaly and hepatomegaly which 
characterize the disease m the newborn infant In 
many cases, mild and severe, there are no roentgen 
changes m the skeleton. In some cases, however, pre- 
natal endochondral bone formation is interfered with 
and transverse bands of mcreased and diminisbed 
density develop m the ends of the shaft (Fig 8-791) 
FoUis and bis colleagues found diffuse sclerosis of the 
shaft m five cases they attnbuted this to excess of 
spongiosa and comcabs In our cases, density of the 
shafts has not exceeded that found in many normal 
newborns 

Samuel and Cohen claimed that normal fetal gy 
phosis IS obhterated in erythroblastosis fetalis due lo 
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Fig 6 7S9 -Metastat e embryonal rhabdomyosarcoma ol the 
skeleton n a boy 6 years of age two weeks after onset oi pa n n 
the nght shoulde and sp ne The p mary tumor was ft the soft 
t ssues above the nght ank e a swel ng wh ch was not not ced 
unt I the bone pain developed elsewhe e A symmetr cal destruc 


t Oft Of the prox mal ends of the humeruses and r ght seapu a B 
segmental dest uct on ol the base of the r ght urn C destruc- 
t on and compress on of the body of the D 6 vertebra and Its left 
ped cle 
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Fig 8 790 -Metaslat c cerebellar medulloblastomas m the 
right femur of a boy t* years of age The bones a e rreguiarly 
aclerot e due to the rr tat ve osteoblast c react ors to the meta 
itat 0 medu ob astoma ee Is In the left femur (not shown) la ge 
rad olueent patches represented replacement of bone by the 
metastatc madulloblasloma Issue (Courtesy of Or Edward B 
Singleton Houston Tea) 



enlargement of the hver and spleen ascites and ana 
sarca and that this straightening of the fetal spine is 
an important radiologic sign of fetal hydrops The 
same factors are said to cause extension of the thighs 
and flexion of the knees 

Fetal hydrops is the earhest and most severe form 
of the disease It can be demonstrated radiographi 
cally by the obliteration of the normal black fetal fat 
line under the skin by subcutaneous edema fluid In 
the fetus as early as the fifth fetal month Bishop 
thinks that the halo sign the mcrease m depth of 
the edematous subcutaneous tissue in the sc^p is 
unclear m relation to the causal mechanism and of 
bttte diagnostic value 

Bowman and Fnesan reported successful intrapen 
toneal transfusions of the fetus as early as the twen 
ty fourth week 
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FAKCONI S ANEMU (CONCENITAL HYPOPLASTIC AHX 
MIA WITH MULTIPLE CONGENITAL ANOMALIES) iS Pan 
cytoperuc in type with hypoplastic changes in the 
bone marrow and penpheral blood associated with a 
vanable complex of congenital malformations in 
other tissues The skeletal anomalies include aplasia 
and hypoplasia of the bones in the thumbs first meta 
carpals and radiuses syndactyly congerutal disloca 
tion of the hip and occasionally deformities of some 
of the large tubular bones The most frequent skeletal 

TbAV/OT.'JfAleial 

anomalies Include patchy hyperpigmentation of the 
skin dwarfism mental retardation microcephaly 
renal malformations and deafness Although the skel 
etal anomalies are present at birth the anemia is 
rarely recognized until after the 3rd year of life and 
sometimes not until the l2th year Death usually oc 
curs early and is often due to intracerebral and ali 
mentary bleedings associated with thrombocyfopenia. 
Fanuhal disease is common In the same family 
some siblings may have the full Fancora syndrome 
with anemia while other siblings have multiple con 
genital anomalies without anemia 
laeriftfcrogenenj tmperfecta the congemtal anom 
ahes and the skeletal deformities are not as frequent 
or as marked as In Fancom s anemia However minor 
developmental lesions were found in 28 of 74 cases 
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Chronic hemolytic anemias -Inheritable dys 
hemoglobinoses compnse a group of important clim 
cal diseases charactenzed by the presence of abnor 
mal hemoglobins or fetal hemoglobin m excessive 
amounts They are all determined genetically and 


tend to be limited racially The abnormal hemoglobm 
S was first recogmzed by Pauling and associates in 
1947 it IS responsible in the homozygous state for the 
cbmcal and hematologic entity sickle cell anemia, 
limited largely to American blacks Fetal hemoglobin 
F in excessive amounts is associated with Cooley’s 
anemia (thalassemia) which occurs largely in the 
natives of the shores of the Mediterranean Sea and 
their descendants in other countries mostly Greeks 
and Italians Hemoglobm E is found in Thailanders 
who suffer from a Cooley bke anemia, often with 
classic bone changes Hemoglobms C and D occur in 
Amenc^ blacks some of whom are asymptomatic 
and some of whom have mild anemias Hemoglobm 
H has been demonstrated in Chmese and Fihpmos 
who suffer from a Cooley hke anemia. Sometimes two 
abnormal hemoglobins are present and produce cimi 


Fig 8 792 — Med terranean (Cooley s) anem a nanitalanboy 
3 years of age A upper exf eiP ty B th gh C lower leg The 
medullary cav t es are d lated the shafts are swoi en and rectan 
gular n outi ne the eort cal s s th n A I of the twines are osteo- 
porot c and present a b zarre trabeculated appearance ow ng to 


rregular destruct on of the spong osa and rregular nternal ero- 
s on ol the cort eat s Mu t pie I ansverse I nes mark the t b as. 
The deform ly of the left femur s secondary to an od patholog e 
fracture 





1284 / SECTION 8 The Extremities 


cal diseases such as sickle cell Cooley s disease from 
hemoglobins A F and S which accounts for much of 
so-called sickle cell anemia in Caucasians and hemo- 
globins F and C in Cooley s hemoglobin C disease 
which accounts for a Cooley hke disease In Blacks 
Githens and colleagues found hemoglobin D in two 
Aroencan Indian children 

Cooleys (erythroblasttc) anemia —This disease 
with strong familial and racial characteristics is 
generally hmited to natives of the Mediterranean re 
gion although surpnsmgly it has not been identified 
in Spamards or the Mediterranean French Authentic 
cases have also been described m Chinese and Asian 
Indian children In 1943 Dameshek reported a case in 
a black child and Cooley s anemia is said to have 
occurred m several members of a black family m 
Cape Town South Africa (Bcrditz Olson and Woolf) 
Dreyfuss found a high incidence of Cooley s anemia 
in three families of Oriental Jews— one from Kurdis 
tan and two from tovms In the southeastern comer of 
Turkey The exact mcchamsm of inhentance is not 
well understood there is substantial evidence that 
the condition is transmuted to offspring by parents 
with a benign latent form of the disease 

The severe cases present a uniform cUnical picture 
consisting of progressive anemia and jaundice which 
begin during the first two years death usually occurs 
before adolescence Splenomegaly is invariably pres 
ent and is usually accompanied by hepatomegaly In 
the most severe cases mongoloid facies appears ow 
ing to swelling of the facial bones this feature is ab- 
sent in the milder forms of the disease The blood pic 
tine Is chaiactenzed by erythroblastenua and marked 
changes m size and shape of the red blood cells 
Showers of nucleated red cells appear a feature 
which IS aggravated by splenectomy and may persist 
for many months In milder cases the clinical and 
hematologic mamfestations are less conspicuous sib- 
lings of children with severe erythroblastic anemia 
may show only target cells and increased resistance 
of the red blood cells to the action of hypotonic saline 
soludon. 

The roentgen findings are diagnostic in the severe 
cases The shafts of the long bones are osteoporotic 
and swollen the spongiosa is partially destroyed and 
deformed and the corticalis is thmned from internal 
resorption (Fig 8 792) The entire skeleton Is affected 
but ihe changes are usually most conspicuous In the 
long bones which normally have deep concave exter 
nal contours such as the metacarpals and Ihe fe 
murs The concave surfaces become shallower flat or 
convex as the superabundant marrow distends the 
medullary canty and bends the eorticalis outward 

In some cases the spongiosa is almost completely 
destroyed and the bones have a swollen melted ap- 
pearance in contrast with the usual coarse trabecu 
lated spongiosa! pattern (Fig 8 792) The skeletal 
changes are indistinct dunng the Ist year of bfe and 
become more clearly defined as age advances During 
infancy skeletal changes similar to those found in 


Cooleys anemia may be noted in some patients with 
proliferative reticulosis espeaally Gaucher s disease 
(see Fig 8 816) Dunng late childhood and early adult 
life there is a tendency to sclerosis m some cases (Figs 
8-793 and 8 794) this is apparently due to the m 
creased formation of corticahs in older age periods 
We have shown that the bone lesions in the extremi 
ties begin to involute dunng early adolescence and 
may then disappear while the lesions in the bones of 
Ihe trunk persist into adult life The bone lesions dis- 
appear m the penpheral segments of the skeleton 
where normally red marrow is converted to yellow 
marrow with advancing age but they persist in the 
central skeletal segments where the bone marrow 
normally remains ted throughout life Emery and Fol 
leu found that the replacement of red marrow by fat 
ty marrow begins in the toes before birth and is com 
ptete by the age of 1 year The conversion from red to 
fatty marrow appeared to be accelerated by birth 
In the longstanding severe cases both maturation 
and growth of the skeleton are retarded However 
premature fusion of the epiphyseal ossification cen 
ters with Ibeir shafts occurred in 23% of patients old 
erthan 10 years in the study of Curranno and Erland 
son The pronmal end of the humerus and the distal 
end of the femur were the only sites of these early 
fusions excepting one tibia at its proximal end Thus 
Cooley s anemia presents the paradox of delayed ap- 
pearance time of the secondary centers tn the eptphys 
eal cartilages with later premature fusion of these 
delayed secondary centers with their primary cen 
lers-the shafts Transverse metaphyseal bands are 
common Pathologic fiactuies of the femur have 
been senous complications in several of our patients 
in view of thefreguency of extreme cortical atrophy It 
is suipnsmg that pathologic fractures are not more 
common The cranial changes in Cooley s anemia are 
discussed in Section 1 on the skull 
Extramedullary hemopoiesis should be suspected 
according to Ross and Logan when lobulated or 
rounded masses of water density are found in the 
mediastinum contiguous to the spine in patients who 
have chronic hemolytic anemia or myelofibrosis The 
spleen Is usually enlarged but the vertebrae are not 
eroded by Ihe mediastinal masses In some of their 
patients nephrograms disclosed penpelvic filling de 
fects and myelograms demonstrated complete block 
to the flow of Pantopaque In the thoracic levels of the 
subarachnoid space 
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Pig 6 794 -Changes tn the skeleton with advancing ag4 m 
Mediterranean (Cooley a) anemia in a^Greek girl A, in the 3cl /ear 
all of the eharaeieristie changes are present cort caJ atrophy and 
Bwollen external contours rarefaction end coarse reticulation 6 
in the 12th year all the eharaetenst c changes have <t sappeered 


despite the fact that severe hemolyt e anem a peraisted In our 
exper ence the character st c infantile changes always disappear 
completely or pan ally in the long bones if the patient survives 
late ch Idhood 
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Sickle cell anemia —Craiual changes similar to 
those of erythroblastic anemia have been found in 
many cases (see Fig 1 149) Apparently marrow hy 
perplasia in the long bones is much less marked than 
in Cooley’s anemia and for this reason the bone 
changes secondary to overgrowth of the marrow fad 
to develop At necropsies on adults hemonhage and 
fibrosis of the xnairow and new bone formation on the 
internal aspect of the corticalis have been found m 
addition to the overgrowth of marrow The roentgen 
images of the adult bones show thickening of (he cor 
ticahs and narrowing of the medullary cavity in con 
trast with the thin cortices and widened medullary 

Pig t 795 (left) -Siekte ee(l insmia in a Diack girf 4 years o> 
age The medullary canals of both f Suiaa are obi leraied in their 
m ddia thirds by internal iniekaning and sclerosis of the conical 
wall Changes of this type are apparently common m adufis but 
rare in children 


cavities in juvenile Cooley s anemia. The bone 
changes found in adult patients with sickle ceU ane- 
nua are exceedingly rare in children (Figs 8-795 and 
8-796) It was formerly believed that sickle ceU ane- 
mia was confined to the Negro race, but several cases 
have now been described m individuals of non Negro 
origin 

tnCaictson in the bones of children with both de- 
structive and prtiductive changes in the roentgeno- 
gram are bemg found with increasing frequency We 
have seen several patients in whom the changes m 
an epiphyseal ossification center suggested osteo- 
chondrosis juvenilis (Fig 8 797) The cuplike depres- 
sions on the edges of the vertebral bodies desenbed by 
Reynolds in adults are not found in children How 
ever cuppmg of the ends of the shafts of the long 
bones has been observed in children suffering from 
sickle cell anemia (Fig 8 798) This is the same caus- 
al mecharasm which produces the acquired cupping 
of the metaphyses in long bones under a variety of 
other condinons In some cases extensive focal de- 
struction with sclerosis has simulated chronic osteo- 
myelitis (Fig 8 799) Hodges and Holt first pointed 
out the high incidence of Salmonella infections in 
Negroes who earned the abnormal hemoglobin S and 
had sickle cell anemia. In Afnca Negro carriers of 
the sickle cell trait are said to be especially resistant 
to malana, because it is believed that this is a sub- 
stantial factor In promoting the survival of camera of 
the S gene Hughes and Carroll believed that children 

Pig 5 79$ (right) -internal cortical thicken ngs and aefeross 
ol me same pal ent et 7 years of age The d staf port ons of the 
tbiasweiend altecteO ano the rest of the skeleton was normal 
roenlgenographies'iy 
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Pig S 799 -Oattomyel 1 1 k« changes r> tn« shads o< (he 
hume us (A) and femur (6) of a black g rl 9 years of age who had 
s Okie call anem a Sa moaeiia was g obabiy the causal agent 
from the clneal course t was not proved bacteroogcally 
(Courtesyol Ors F J Hodges andj F Holt UnvestyofMch 
gai) 

with sickle cell anenua have a special vulnerabibty to 
salmonella osteomyeLbs Radiographically it is often 
difficult to diffierenbate the basic sickle cell changes 
in thehones I’rom inhammatory clianges (Fig 8 800) 
Hook encountered four examples of salmonella osteo- 
myehbs in 36 pabents with sickle cell anemia 1 was 
an infant 15 months of age One of the most interest 
ing bone lesions In sickle cell anemia is the transitory 
change found m the tubular bones of the bands and 
feet dunng Infancy (Fig 8 801) 

Burko and associates found destrucbve chondritis 
and osteibs in the sternum of a girl 4 years of age 
who had homozygous sickle cell anemia and heavy 
infection with Soimonella ti/phiniu>’ium these or 
ganisms were grown from the sternal lesion Segmen 
tal pulmonary Infarcts develop occasionally and re- 
semble pneumonic consohdabons radiographically 
Cholehthiasis has appeared during the IsC year of 
life The heart is often enlarged in the very young 


sometimes to a degree which may suggest pencardi 
Qs With effusion radiographically In the central ner 
vous system thrombosis is the most frequent compb 
cation and may be followed by focal spinal or cerebral 
bleeding hypoxia and necrosis 
Sickle-C disease differs from typical sickle cell 
anemia according to Denny and colleagues by the 
presence of hemoglobin C in addition to hemoglobin 
S Patients with sickle C disease usually have large 
spleens m contrast to the small spleens or absence of 
the spleen in juvemie classic sickle cell anenua. 

In a radiographic study of 17 pabents in Nigeria 
who had hemoglobin S C disease Barton and Cock 
shott found skeletal changes of marrow hyperplasia 
infection and infarcuon 
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FdmifKii hemolytic (tpherocytic) anemia as de- 
fined by Smith is characterized by hemolysis sphero- 
cytosis increased osmotic fragihty of red blood cells 
and splenomegaly The hemoglobin is not abnormal 
There are seversil reports of changes in the shufi an& 
long bones similar to those found in erythroblastic 
anemia. Skeletal changes however are absent in 
most cases of spherocybc anemia when present they 
usually are not stnking and are variable The cranial 
changes are commonly more marked than those In 
the long bones (see Figs 1 147 and 1 148) Snellmg 
and Brown described a case in which the skeletal le 
sions improved following splenectomy 
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Fig 8 800 — MultpleosteomyeltisintheWbular 
bones ol the hands and swell ngs of the fingers in a 
girl 12 months of age who had sickle cell anelh'a 
and probably had shigellosis A, cellulitis of the 
fingers with diffuse swell ng of the soft t ssu^s 
B, destructive and productive osteitis ol the 
phalanges and metaearpals {Redrawn from |vey 
and Howard ] 


Fig 8 801 -PolyphalShgealosteit s which resemblesihe 
phalangeal changes of sickle cell anemia This black girl 10 months 
ol age d dnol have either active or latent sickle ceharieimain 
several tests The soft I ssues of the affected fingers are swollen and 
the phalanges are generally sclerotic with sequesirums at Iheir 
bases Similar changes were present in the other harrd and both 
feet Streptococcus A was cultured several times directly from the 
bonelesions (Courtesy of Drs Kenneth HaltalinandJohnNelson 
Dallas Tex ) 
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Fig 6 BQ2 — Leul'e'T^ a tn a g tl Vlt'iUfi Of ago « th termnal 
transverse striping of the shafts These transverse I nes of both 
increased and d m nished density are the commonest artd the 
earliest roenlgert bone changes and may persist tor uveeks or 
monVns as tne on'iy cVianges in ^eukem a ^T>e ^ nes are vsuaViy 
best developed in the large melaphyses at the knees 

Fig S 803 -Leukopen c lymphatic leukem a in a boy 2 years 
of age A hand and forearm B lower extremities Irregular de- 
struction of all of the bones i$ evident Deep transverse zones of 
diminished dens ty occupy the ends of the shafts In add t on to 


Leukemia (malicnaw reticulosis) -The growing 
skeleton is the site of mahgnant prohferation of retic- 
ulum cells in nearly all cases of leukemia unless early 
death supervenes In the course of the disease multi 
pie areas of destruction and production appear and 
increase in size at variable sites in numerous bones 
The roentgen changes are usually most conspicuous 
and appear first in the metaphyses at both ends of the 
femur and tibia (Fig, 8 802) and at the proximal end 
of the humerus and the distal end of the radius In 
advanced cases spotty destruction is visible in the 
larger epiphyseal ossification centers and in the flat 
bones of the calvaria shoulder girdle and pelvic gir 
die (Figs 8 803 and 8 804) It is likely that the skele- 
tal lesions of leukemia are due to malignant prohfera 
lion of reticulum cells originally native to the bone 
marrow tissues rather than to malignant proliferation 
reticulum cells transpocted from lymphatic stnic 
WAh. IS. tbA vjJsXT. taA v/sdAt, In tbit- 

sense the disorder which has been called ‘ leukopemc 

these destruci ve features there are numerous large ai>d small 
inegular patches of sclerosis ind cat ve of massive osteoblastic 
react on as well 
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Fig B 604 — Seve e osteolylc leukopenc lympfialc leukema 
n a g il 3 years o1 age Molh ealerr areas ot cyst c ta etact or» are 
scattered n the long tubular bones Leukopena perssted unti 
death the d agnos s of leukem a was proved at necropsy 

leukenua could be more accurately designated as 
"malignant proliferative reticulosis 
During the early stages the marrow cavity is filled 
with leukemic ceUs but there is rvo bone destruction 
and the roentgen appearance is normal bone pain in 
such cases is due to mcreased Intraosseous pressure 
Later the spongiosa is parually destroyed and re 
placed by masses of leukemic tissue which are re- 
sponsible for metaphyseal foci of rarefaction found in 
the roentgenogram Concurrently the overlying cortex 
18 eroded on its Internal aspect Leukemic cells pene 
trate the overlying corticalis and lift the periosteum 
The elevated periosteum produces layers of compact 
bone beyond the cortical margm Occasionally com 
cal thickening in leukenua is residual to subpenosteal 
hemorrhages secondary to thrombocytopenic pur 
pura. Callus formation following pathologic fractures 
may also cause regional cortical thickenings In the 
most severe cases the extensive osteolytic lesions 
may suggest hyperparathyroidism Rarely the reac 
Uon of the bone to the leukemic infiltration appears to 
be almost exclusively osteoblastic and the roentgen 
changes are predoramantly osteosclerotic owing to 
the excessive formation of spongiosa 
Svab and Horak using a magnifying lens in the 
study of their films found internal abrasion of the 
cortical walls of the metacarpal bones of all patients 
with leukemia and they concluded that the nietacar 
pals are the optimal sites for the identification of skd 
etal leukeima. We have seen many examples of gross 
leukemic lesions in the metaphyses of the larger long 
tubular bones In which the metacarpals appeared 
normal to the unaided eye In eosinophilic leukemia 
Bentley and coUeagues found transverse radiolucent 
metaphyseal bands in the long bones 


The diagnosis of leukenua is relatively easy when 
the clinical and hematologic findings are charactens- 
tic However in the leukoperac type of lymphogenous 
leukemia which ts the common form m early life the 
hematologic picture may be equivocal for long pen 
ods and may remain inconclusive until death The 
roentgen demonstration of skeletal Involvement in 
such cases Is of great diagnostic help m differentiat 
ing leukemia from rheumatic fever and rheumatoid 
arthntis Films should be made of the skeleton of 
children who exhibit leukoperaa splenomegaly 
chrome fever and bone and joint pain the identifica 
lion of destmctive skeletal lesions m these circum 
stances makes the diagnosis of leukopenic leukemia 
a practical certainty The roentgen appearance of 
leukerma of the skeleton is similar to that caused by 
lyrophasajcoma and sympathetic neurohlastnaia. 

It should be remembered that meningeal involve- 
ment in leukemia is often accompamed by the de- 
velopment of radiographic signs of actively increased 
intracranial pressure This comphcation is character 
istically encountered after prolonged treatment with 
corticosteroids 

Although the pam in leukemia usually onginates in 
the bones Bedwell and Dawson demonstrated actual 
leukerrac infiltrations in the synovial tissues of an 8 
year old girl who died of chrome myeloid leukenua. It 
IS possible that some of the pain in leukemia ongi 
nates in articular tissues as well as bone 

Chtoroma is invariably associated with myeloge- 
nous leukemia (he leukemic lesions are green and 
this color has been attributed to the reduction of split 
products in the degeneration of hemoglobin In chil 
dren (be principal lesions develop in the penorbital 
tissues and the marrow cavities of the long bones and 
skull Austin described changes in the nbs in a girl 1 1 
months of age swellings at the sternal ends of the 
nbs which simulated a rachitic rosary clinically The 
ventral ends of the second through seventh nbs pte 
senied bulbous swellings where the cortical wahs 
were thickened externally 

Ihe bone lesions sometimes disappear completely 
during the long remissions induced by chemotherapy 
or adrenalcomcosteroids Before the advent of such 
treatment reimssions of the bone lesions had been 
observed following severe infections especially cem 
cal ademus it now seems probable that these renus 
sions were responses to the excess adienalcottico' 
steroids generated naturally by the stress of the se- 
vere mfections 

Study of the offspnng of women exposed to diag 
nosbc radiologic procedures dunng pregnancy has 
not disclosed mcreased incidence of leukemia in the 
ofFspimg 

Ulcerative lesions in the intestmal walls were dem 
onstrated in one of five leukemic patients at necropsy 
by Amromin and Solomon therapeutic adienalcorti 
costeroids are probably responsible for many of these 
lesions 
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Hemophilia -Lesions xn the skeleton may be due 
to bleeding directly into the bones or to secondary 
changes in the bones which result from hemorrhages 
into adjacent joints Intraosseous hemorrhages mto 
the shafts and epiphyses produce rounded defects in 
the spongiosa of variable size which cast cystic sha 
dows of rarefaction m roentgenograms (Fig 8-605) 


Fig 6 SOS -Hemoph lie iniraosseoua hemorrhages Into the 
medullary cav ty of the calcaneus of a young adult The large <a 
d olueeni paiches represent intramedullary hematomas m diHer 
ent stages oi organ zal on (Courtesy of Dr Bruce Ward Crand 



Fig 8 SOS -Hemophilic subchondral hemorrhages in the 
prox mal ep phys a of the femur wh eh are raspons Ble for the 
marg nal delects in the reg on of the fovea cap t s femoris The 
epiphysis IS flattened in its long tudinal ax s and the reek of the 
lemur 1$ broadened A large bony apme protrudes Istersl y from 
Iberoofoithesceiabulum 

* Fig 8 807 -Hemophil a in a boy 14 years of age Old and ra- 
cent subperiosteal hemormages have swollen the solt tissues 
and thickened the cortical waiis of me prox mal phalrx of the 
9rd and 4ih d g Is The old cortical wall Is at II visible bii^ a lace- 
work of bony branehH extends per pherally from iL The epiphys- 
eal OSS I cation center at me prox mal end of the phalanx of the 
3rd d g I IS slightly displaced The smaller and older lubperiot- 
leal hemorrhages have produced the cort cal th ekenings and 
lacy branchings In the prox mal phalanx of the 4th d git and in 
the 2nd metacarpal 


Junction Colo) 
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Fig 8 808 —High ttnsion hemarthrosis (reeutrenl) of the left 
knee of a hemophilie boy 7 years of age The suprapatellar and 
popliteal buraaa are dilator with, blood the large amount of 
blood in the Knee proper has obi terated the image of the mlra 


patellar fat pad The patella t$ displaced ventrad The patella and 
epiphyseal ossilieat on centers of the femur and tib a are en 
larged secondary to chronic hyperemia 


Subpeiiosteal hemorrhages m hemophiha are taiel 
but when they occur they are followed by external 
cortical thickenings m the same way that subperio- 
steal h morrhages from other causes are followed by 
cortical thickenings Sometimes, m the case of tension 
hematomas under the penosteum pressure atrophy 
of the underlying cortex develops Subchondral hem 
orrhages are responsible for marginal bony defects 
on the luxta articular borders of the epiphyseal ossi 


ficauon centers (Fig 8 806), in the proximal epiphysis 
of (he femur a flattening deformity which resembles 
coxa plana may accompany the subchondral defects 
Subperiosteal hemorrhages are astonishingly rare in 
hemophilia at all ages but they are occasionally 
demonstrable m roentgenograms and have been found 
at necropsy Hemophilic subpenosteal hematomas 
have the same roentgen appearance as those of non 
hemophilic ongm (Figs 8 607 and 6-808) 


Fig 8 809 —Accelerated maturation of tbe epipbyses contg 
uoua to the hcmarthrot c tight elbow ot a hemoo^l o boy tO 
years of age A, fiemarthrotic right elbow B, normal left elbow 
tracings of roentgenograms The secondary centers on the right 
side (arrows) are all hypertrophic in comparison with the normal 
leftside Large ossification centers are visible m Ihe olecranon 



process ol the right ulna and in the trochlea of the right burner 
us at the same sites on tha normal side secondary oarfteTs have 
not yet appeared The shafts of the bones on the right side as 
well as Ihe ep physes are enlarged The accelerated maturation 
and growth are probably due to Ihe chrome hyperemia induced 
by longstanding recurrent hemarthrosis 
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Bleeding into the articular spaces is much more 
common than bleeding into the bones Intra articular 
blood may be completely resorbed after a few days or 
weeks without residual deformity or disability When, 
however, the resorption of blood from the joint space 
is incomplete following a single hemorrhage or recur 
rent hemorrhages ihe retained blood and blood dots 
set up a chronic inflammatory reaction in the arucu 
lar tissues which results in deformities, disability and 
sometimes ankylosis When there is long standing 
hmitation of motion of the part atrophy of disuse 
develops in the bones adjacent to the affected joint 
Chrome regional hyperemia of the neighboring epi 
physeal cartilages induced by long standing continu 
ous and recurrent hemarthrosis, is bebeved to be re- 
sponsible for accelerated maturation and hypertrophy 
of the adjacent epiphyses (Fig 8 809) 

More than half of all hemophihc children are said 
to develop permanent deSorrrdties due to chronic 
hemarthrosis During the acute phase the articular 
swelling increases rapidly and motion and weight 
bearing are prevented by severe pain Fever is the 
only constitutional symptom it may reach 104 F In 
severe cases Leukocytosis commonly accompanies 
the fever Local heat, at the site of the hemarthrosis, 
may or may not be increased Roentgenograms in the 
early stages show local soft tissue swelling, and 
sometimes the articular space appears to be widened 
Panarthnns develops when the resorption of blood 
Is incomplete, and the alfected joint remains swoUen, 
tender and painful for months After each recurrence 
of bleeding the picture of simple acute hemarthrosis 
Is repeated the signs and symptoms partially subside 
in the intervals between the recurrent acute exacer 
banons Gradually the chrome irritation produces a 
permanently swollen joint with local deformity, con 
fractures, muscular atrophy and cumulative loss of 


Fig 8 810 -Chrome hemophilic hernsnhrosis of the oght «i 
bow in a boy 10 years of age The arrows are directed at Images 
of Increased density in the penerlicular soft tissues it is P'ObaWe 
that the heavy dens ty is due (n pari to Ihe h gh iron content oi 
these tssues Acceleration of maturation and overgrowth of the 
bones due to chronic regional hyperemia are also ev dent 



motion The superabundant synovial membrane be- 
comes folded and exhibits villous hypertrophy The 
subsynovial connective tissue is hyperplastic and 
becomes thickened into a dense fibrous layer The 
swoUen soft tissues are impregnated with iron con 
taming blood pigments (Fig 8-810) The articular 
space is narrowed by destruction of the articular car 
tllage and encroachment of the thickened synovial 
membrane on the cartilaginous margms, with mva 
sion of the more central portions by connective tissue 
The ends of the bones which subtend the destroyed 
cartilage are also invaded by connective tissue, and 
irregular marginal bony defects result The roentgen 
appearance in long standing hemophilic panarthntis 
ts shown in Figure 6 811 

Purpura —In contrast with hemophilia, demon 
strable bleeding into bones and jomts is rare in both 
acute and chrome thrombocytopenic purpura. Sub- 
periosteal hemorrhage has been found at necropsT 
Poi-ycYTMESnA VERA IS rare during early life No 
charactensdC roentgen changes have been found in 
adult bones Theoretically the overgrowth of the red 
marrow m polycythemia vera should produce the 
same changes in the growing skeleton as the red 
marrow overgrowth in Cooley s anemia. 
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Primary erythrocytosis is characterized by an 
mcrease m the concentration of hemoglobin in each 
red blood cell and an increase in the number of red 
blood cells which results In an absolute increase in 
the total circulating red cell mass and an absolute 
mcrease in the total circulating mass of hemoglobin 
The numbers of leukocytes and thrombocytes are 
normal The cLrucal course is benign In the bones, 
rarefaction and coarsening of the trabecular pattern 
suggest overgrowth of the marrow 
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PROI45ERATIVEBET1COLOSES{RETICOLOENDOTHEL10- 
SIS, HISTIOCYTOSIS X) —These disorders are all char 

actenzed by granulomatous proliferation of the redcu 
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Fig 8 B11 — Hemoph c panarlhr t s in a boy 7 years of age A 
ar>d C normal r ght knee and B and 0 bemarthrot c left knee 
frontal and lateral project ons In the left knee the soft t ssues are 
swollen and ncreased n dens ty In add t on the e are marked 
genera zed rarefact on of the ep physes and shafts and atrophy 


of the shafts The ep physeal centers and patella however are 
enia ged on the left s da the ntercondylo d notch s deepened 
and the juxla art eular surfaces of the bones are ragged In D a 
large intraosseous hematoma Is v s ble n the t blal ep phys s (ar- 


lum cells at one or several sites in the reticuloendo- 
thelial system the skeleton lymph nodes spleen 
thymus hver and skin Hemorrhage usually accom 
pames the proliferation The cause of reticulosis is 
not estabbshed infection appears to play a causal 
role bi many cases At different ages and m different 
stages of Its evolution reticulosis is responsible for a 
variety of clnucal and anatomic manifestations all 
of which are due to the basic hyperplasia of reticulum 
cells Infants children adolescents and young adults 
may be affected 

Nonlipoid reticulosis —When the disease develops 
during the first years of life there is a diffuse gener^ 


ized proliferation in all parts of the rebculoen 
dothebal apparatus the course is rapid and usually 
fatal The predominatmg cbmcal manifestations of 
this diffu'Se infantile type include purpunc rash pro- 
gressive anemia splenomegaly hepatomegaly and 
skeletal defects (Fig 8 812) The outstanding micro- 
scopic feature of the diffuse infantile type is hyper 
plasia of reticulum cells without bpidizauon The 
absence of bpids has given nse to the name nonlipoid 
rebculosis which is further subdivided chnically into 
infectious and noninfectious (Letterer Siwe disease) 
types 

In Fishers patient the chmcal and radiologic fea 
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tures and biopsy specimens were characteristic of 
Letterer Siwe disease Later bpid storage became 
evident in the biopsy specimen and the microscopic 
diagnosis was Schuller Christian disease Cultures 
from the bone lesions and excised assues yielded par 
acolon Arizona bacilli, the bone lesions and ctuucal 
manifestations regressed immediately after msQiu 
non of annbionc therapy 

Granulomatous changes in the lungs are common 
m young patients who have proliferative reticulosis 
and at first the radiologic findings may simulate 
hematogenous disseminated tuberculosis in both 
lungs Later, infection is often superimposed and may 
be complicated by bronchial obstruction with second 
ary atelectasis and emphysema Granulomas of the 
pleura may produce changes suggesove of suppura 
tive pleunsy 

Liporeticulosts —In older children, adolescents and 
adults, reticulosis runs a more protracted course, the 
granulomatous proliferations of reticulum cells are 
more localized and skeletal lesions piedonunate The 
cutaneous and lymphatic manifestations may be 
meager or absent The hyperplastic reticulum cells 
are fiUed with cholesterol Cholesterol Iiporeticulosis 
IS also knovm as xanthomatosis or Hand Schuller 
Christian disease In later healing stages, fibrous tis 
sue replaces the lipid laden reticulum cells The local 
ization of the disease in the orbits, base of the skuU 
and calvana m some cases is responsible for ex 
ophthalmos, diabetes insipidus and cramal defcas 
which were considered to be the cardinal manifesta- 
tions of lipoid reticulosis in the original dcscnptions 
of the disorder It Is now evident that the first descrip- 
tions included only those cases vnth conspicuous clin 
ical manifestations and that the dismbudon of the 


lesions IS much more variable and widely scattered 
than formerly bebeved. One, two or all of the so- 
called cardinal symptoms may be absent while there 
are extensive lesions in the long and flat bones, sbn, 
spleen and thymus 

Eosinopbihc granuhma — Eosinophibe infiltration 
of the lesions of nonbpoid and bpoid reticulosis oc 
curs not infrequently, concurrent eosinophiba of the 
blood may also appear The eosinophibe type of red 
culosis, in the report of Jaffe and Lichtenstein was 
described as a separate disease and called eosinophil 
ic granuloma. Farber and bis colleagues presented 
convmcing evidence that eosmophibc granidoma is a 
variant of reticulosis and not a separate entiry cluu 
cally or anatomically The eosmophibc type appears 
to be the most frequently locabzed and the mildest 
form of reticulosis Sobtary xanthoma of bone and 
sobtary eosinophibe granuloma of bone are also var 
lants of the same basic locabzed process of reticulum 
cell hyperplasia. During the probferadve phase of 
eosmophibc granuloma, the bone lesions are sensiuve 
to adrenocorticosteroids 

The roentgen appearance of the skeletal lesions is 
identical in all types of reticulosis— nonbpoid choles- 
terol bpoid and eosmophibc The bony changes are 
essendally destructive, the radiopaque spongiosa and 
cortex are replaced by radiolucent redculum cell 
granulomss which cast cysuc shadows of rarefacaon 
(Fig 6-813) Expansion of the granulomas in the 
medullary cavity of long bones often dilates it and 
produces internal pressure atrophy of the overlying 
cordcabs Pathologic fractures develop at the site of 
the lesions in some cases Somedmes the overlymg 
penosteum is sdmulated to excessive bone production 
which results in regional cortical thickening One, 
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Fig 8 813 — Eos noph I c cholesterol tporeteutoss (eosn> 
ph I c granuloma) in a Boy 3 years of age A la ge delect n the 
frontal bone B cyst e ra efact on w th reg anal con cal th cken 



ng of the lemur The cert cal th cken ng s unusual There was 
no cl n cal or roentgenograph c ev Pence of patholog c fracture 
C expans on deslruct on and th eken ng of the 6th r b 


several or many of the bones may be involved m the 
skull vertebral column shoulder girdle nbs pelvis 
and extremities The cramal changes in cholesterol 
renculosis are shown in Figures 1 155 to 1 157 
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Gaucher s disease Cfcerastn hporeftcufosis) —There 
is still difference of opimon as to the exact patho- 
genesis of this rare disorder but the pnmary distur 
bance appears to be an excessive proliferation of the 
reticulum cells m the reticuloendothelial apparatus 
The principal hyperplasia is located in the lym 
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Fig B 814 (left) -Gaucher s disease in epiphyseal ossrticai on 
centers Destructive and productive changes in the dstal right 
femoral ossif cat on center of a girl 6 years of age There are s m 
liar changes in the shafts of both femurs and in the ossification 
center m the prox mal ep physeai earl lage of the right lemur 


phase and hemopoietic components but hypetplasia 
of reticulum cells within the skeleton is conspicuous 
in most advanced cases The umque feature of 
Gaucher s disease is the presence of the hpid call^ 
kerasin in the hyperplastic reticulum cells Kerasm 
Iiporeticulosis and cholesterol liporeticulosis resem 
ble each other pathosenlcally but are dissimilar cbm 
cally and chemically 

The predominant clinical manifestations are a 
slow progressive enlargement of the spleen and a 
less marked enlargement of the liver and lymph 
nodes Bleeding into the skin and mucous membranes 
IS common recurrent epistans hemoptysis and 
hematemesis are not unusual The hemoglabbi eryth 
rocytes leukocytes and platelets are diminished but 
there is no tendency to erythroblasteiiua or reQcuIocy 
tosis Bone pain is not infrequent and is usually dull 
and poorly localized Severe, sharply locabzed pain is 
caused by pathologic fractures Growth of the long 
bones may be retarded generally owing to the associ 
ated severe malnutrition or locally from Invasion of 
the proliferating epiphyseal cartilages by reticuluni 
cells Extreme dwarfism has resulted 

There is no cure for Gaucher t disease splenectomy 
may give temporary relief from abdominal discom 
fort Early death is the rule when the disease becomes 
manifest during infancy In the milder juvemle and 
adolescent cases the disease advances insidiously and 
life may be prolonged for many years 

The roentgenographic changes in the skeleton are 
due pnmarlly to the destruction of bone and replace- 
ment of It by hyperplastic kerasin laden reticulum 
cells During Infancy the skeletal changes appear 


Fig B 81$ (right) — Gauchers disease in an infant 18 months 
0l age show ng characteristic changes in the femur The medul 
lary cavity is dilated the shaft swollen the cortex Ih n and the 
spongiosa irregularly destroyed 


long after pallor and splenomegaly are manifest The 
changes in the bones become progressively more 
marked with advancing age Changes may be detect 
ed in one several or many of the tubular bones (Fig 
6 814) and flat bones In contrast with notilipoid retic- 
ulosis and cholesterol bporeticulosis the cranium is 


Fig 8 818 -Infaniiit Gaucher s disease in a pat ent 14 months 
of age showing general ltd skeletal changes a m lar to Ihosa 
found In Cooley a erythroblastic anem a 
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rarely affected in Gaucher s disease The vertebral 
column on the other hand is often involved in juve- 
nile and adolescent patients suffenng from Gaucher s 
disease 

Hypertrophy of the intraosseous reticulum causes 
increased intraosseous pressure expansion of the 
shafts destruction of the spongiosa and pressure 
atrophy of the overlying corticalis In infants the 
earliest and most chaiactenstic lesions are usually 
found in the femurs (Fig 8-815) If the patient sur 
vives sufficiently long and the disease advances 
changes similar to those in the femurs appear in sev 
eral of the larger tubular bones (Fig 8 816) Hie swol 
len appearance of the shafts the irregular rarefaction 
and cortical atrophy are similar to the changes in 
Cooley s erythroblastic anemia. However the tubular 
bones in the hands and feet are usually conspicuously 
involved in Cooleys anemia while they are only 
slightly affected in Gaucher s disease In children and 
adolescents repair and overproduction of the spongi 
osa may produce a late sclerosis of the dilated thin 
walled shafts 
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Dtsseminated hpogranulomatous (Farbers dis 
ease) is a rare fatal syndrome of infants tn which 
subcutaneous nodules at the peripheral joints mus 
cular atrophy hyperpigmentation of the skin over 
bony prominences nckets bke rosary patchy m 
creases of density m the lungs laryngeal stndor and 
projectile votmung are the pnncipal manifestations 
The para articulat nodules and pulmonary lesions 
have been visualized radiographically Abjul Haj and 
associates have suggested that this disease is a muco- 
polysaccharidosis The accumulated matenal in the 
centra] nervous system in their patient proved to be a 
nonsulfated aad mucopolysaccharide Unnary excre 
don of mucopolysaccharides was not determined The 
pnnapal raffiographic finding in Farbers disease is 
destruction of joint cartilage and contiguous bone 
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Niemann Pick disease (lecithin hporeticulosts) 
resembles the infantile type of Gaucher s disease 
pathogenically and clinically but is a distinct entity 
histologically and chemically The basic pathologic 


change is the diffuse proliferation of renculum cells 
throughout the reticuloendothebal apparatus which 
gives nse to splenomegaly hepatomegaly and de- 
structive skeletal changes The disease usually be- 
comes evident dunng the 1st year of life and death 
occurs before the end of the 2nd year A lipid com 
posed largely of lecithin is deposited in the hyperplas- 
tic reticulum cells ivhich have a vacuolated foamy 
texture in contrast with the striated fibnllar pattern 
of the typical Gaucher cell The diagnosis is made by 
demonstration of characteristic cells in the spleen or 
lymph nodes and identification of the hpids lecithin 
and sphingomyehn m the spleen removed by splenec- 
tomy oc at necropsy 

The patient usually dies before conspicuous skele- 
tal changes develop Poncber found focal areas of 
rarefaction in the tubular bones in one patient 18 
months of age 

We have seen two examples of massive calcifica 
don of the adrenals (see Fig 6-92) in fatal cases of 
Niemann Pick disease The large size of these calci 
feious adrenals indicated that calcification of them 
must have taken place before birth or dunng the 1st 
days of bfe before physiologic neonatal atrophy of the 
adienals had occurred 
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SKEI.ETAE Changes in the 
Endocrjnopathzes 

Ththoid clano - The groivth and maturanon of 
the skeleton are profoundly affected by the activity of 
the thyroid Capps and Hipona demonstrated opaclfi 
cadon of the normal thyroid gland and tumorous thy 
raids dunng angiocardiography 

Hypothyroidism —In this condition both growth 
and maturation are retarded (Fig 8 817) The medul 
laiy cavities m the tubular and flat bones are cbaiac 
lensbcaliy small and narrow with corresponding in 
ternal thickenings of the overlying cortex These fea 
tures disappear with treatment Dental development 
IS consistently delayed Before the onset of puberty 
the progress of skeletal maturation is probably the 
best single index of the adequacy of thyroid therapy 
At birth the hypothyroid infant exhibits normal or only 
shghtly retarded maturation owmg to the effect of the 
maternal thyroid hormones which cross the placenta 
into the fetal circulation and assist in the promotion 
of prenatal development of the fetal skeleton FoUenv 
ing birth the maternal thyroid effect is lost and the 
infantile skeleton grows slowly the appearance time 
of secondary ossification centers may be postponed 
for months and years Atavistic accessory epiphyseal 
ossification centers frequently appear in the cam 



1300 


SECTION 8 The Extremities 



lages at the bases of the metacarpals of cretins (Fig 
6 ei8) In some infantile cretins deep transverse 
bands of increased density ate found both before and 
after treatment 

The most rehable diagnostic findings in hypothy 
roidism are low values for the upcaVe of radioactive 
iodine isotopes and low values for serum protein 


bound iodine concentration It should be remembered 
that iodine crosses the placenta from mother to fetus 
and (hat high values for protein bound iodine m the 
serum of newborns may result from diagnostic pro- 
cedures with iodine contrast agents In the mother 
done as long as four years before the birth of the in 
fant in the case of lophenonc acid (Tendax) Fink 
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Fig. 8 819 -Spatted ep physes and ep physeal dysgenes s in a 
hypothyro d g rl 8 years of age A before ireatmeni Theoroxmaf 
femoral ep physeal ceriter IS not V s ble B after one yea of teat 
rnent at 9 years The irregula !y m neral aed spotted sma ■ femo 
ral center has appea ed C after three years of treatment at ii 
yeas Thelemoral epphyseat eenler s flattened and the femoral 

claimed to have descnbed the first example of isolat 
ed thyrotropin deficiency in a dwarfed girl 7 years of 
age whose skeleton was immature Rapid increase m 
stature and bone maturauon followed thyroid therapy 

During early infancy hypothyroidism and mongo- 
lotdism may coexist in a single pauenc Skeletal ma 
turation in mongoloids may be accelerated normal or 
retarded It is bkely that mongoloids mth retarded 
skeletal development ate in part hypothyroid and can 
be benefited by the adminiscrahon of thyroid sul>- 
stance 

The ossification of the epiphyseal centers is spotty 
and irregular as well "as delayed This holds true for 
both untreated and treated cases Instead of develop- 



neck broadened nto a coxa plana defo m ty A narrow rregular 
at( p of OSS I cat on s ev dent m the med aJ segment of the ep 
physeal center S m tar char)ges we e present in the other femur 
In ser ai exam nai ons spotted ep physes we e a so demonsirat 
ed n the prox tnal and d stai ep physes of the humeruses d stal 
ep physes o1 the temurs arid both ends of the t b es 

mg from a single focus of ossification followed by 
uniform marginal extension as in the normal the 
hypothyroid epiphyseal ossificaaon may begin in 
numerous small foci in the cartilage these grow larg 
er and finally coalesce to form a smgle center of un 
even density with irregular margins (Fig 8-819) This 
phenomenon has been called cretinoid epiphyseal 
dysgenesis In older untreated hypothyroids the meta 
physes are sometimes irregularly mineralized and 
simulate active rickets (Fig 8-820) The appearance 
of the spotted epiphyses found ui cretins resembles 
tbe fragmented picture of the ossification centers in 
juvenile ischemic necrosis (osteochondrosis juvenihs) 
Tbe latter disease is usually confined to one or two 
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ossi£canon centers m contrast with the multiple spot 
ted epiphyses of hypothyroidism The proximal cen 
ters of the femurs may be flattened as well as u 
regularly minerahzed and the neck of the femur 
broadened and bent into coxa vara deformity in hypo- 
thyroid children hypothyroidism is also one cause of 


coxa plana (Fig 8 819) Spotted epiphyses are found 
ui some cases of achondroplasia Other's dyschondro- 
plasia, Hurler s syndrome and fanuhal spotted epiph 
yses there is no convincing evidence however that 
there is inadequate thyroid activity in these diseases 
At several sites m the growing skeleton irregular 


Pfg 8 821 — Crelino d dysgenesis Ot the ngnt proximal femoral 
eoipFiyseai oss lication center with development of asympiomaiio 
coxa plana dunng admimstrai on of thyro d axiraot A ai 6/> 
years and before treatment both lemorai centers are email and 
irragularly oss fiad B, at 7 years and after 6 months of thyro d 


the apy both centers have increased in sire but are flat and 
qranuiar In leituie C at 7/i years and after 12 months of treat 
meni both centers ere larger but are st II loo small and tha r ghi 
one IS still granular and fianened There were no clin cal signs of 
Perthes d sesse and thyro d treatment was effective 




spotted epiphyseal ossifLcabon is a nontial physio- 
logic vanant (see Fig 8 245) This should be remem 
bered in x ray evaluation of spotted epiphyses 
Stenosis of the medullary cavities due to mtemal 
thickemng of the overlying cortex in the untreated 
cretin and then opening up of the medullary cavity 
due to thinning of the overlymg cortex dunng and fol 
lowing treatment are shoivn in Figure 8 821 The 
progressive development of coxa plana dunng treat 
ment is depicted in Figure 8 822 
In some untreated cretins deep transverse bands of 
increased density develop in the major metaphyses 
suggesting that the provisional zones of calcification 
are not being normally destroyed from their shaft 
ward faces The metaphyses m the sternal ends of the 
nbs are curiously not affected when there are severe 
lesions of this type m the bones in the extremities In 
the round bones and in the ossification centers tn the 
epiphyseal cartilages analogous peripheral zones of 
increased density may develop around the more ra 
diolucent central portions When the hones of a ctetm 
present signs of sclerosis as well as retarded matura 
bon idiopathic hypercalcemia should be considered 
as a possible cause of the sclerosis Megavand and 
associates have discussed the skeletal changes in 
hypothyroidism comprehensively and m detail 
Hj/perthyroidism -This is almost nonexistent dur 
ing infancy and is uncommon and usually not severe 
dunng childhood In pediatnc practice toxic goiter is 
encountered most frequently in preadolescent and 
adolescent females the skeleton has appeared to be 
normal in our cases of this type In a girl 4 /» years of 
age with severe hyperthyroidism Beilby and Mo 
Chntock found skeletalmaturauonataS year level 
Fetal acceleration of skeletal maturation may occur 
in the offspring bom of mothers suffering from severe 
thyrotoxicosis especially when it is uncontrolled dur 
mg the last trimester of pregnancy Schlesmger and 
Fischer reported thyrotoxicosis and accelerated do 
velopmcm of the eheleton in ctsldsen from excessive 
treatment with thyroid extract one was a raongol 
another a cretin 
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Pakathyboid CLAUDS — Excess of parathyroid ex 
crebon affects growing bone in two ways It leaches 
phosphate and calcium directly from the supporting 
bssues of bone and someumes may destroy this ma 
tnx Itself and it promotes abnormally rapid urinary 
excretion of phosphate by lowering the tubular level 
of excrebon of phosphate and raising the tubular lev 
el of reabsotpbon The bones lose radiographic densi 
ty in a vanety of patterns with hypophosphatemia 
and hyperphosphaturla and hypercalcemia and hy 
percalciuna. Deficiency of parathyroid excrebon pro- 
duces converse acbon m the kidney and the converse 
findings in the serum of hyperphosphatemia and hy 
pocalcemia but strangely no consistent changes ui 
gtowmg bones 

In hyperparathyTotdtsm the skeleton usually 
shows severe generalized rarefacbon (Fig 8 823) hut 
in some cases the skeleton has been normal radioloSi 
cally The degree of skeletal change depends on the 
seventy and especially the durabon of the diseai^ 
Cysbc rarefacbons may be present but they are sib' 
sent in many cases Pugh claimed that subpenostcial 
resorpbon of cortical bone is pathognomonic of prt 
maiy hyperparathyroidism and renal osteodystrophy 
(Fig 6-824) ExtraskeletaJ calcification should be 
looked for in the kidneys and walls of the artenea (s^e 
Fig 8-27) 

AU parts of the long bones are demineralized the 
epiphyseal ossificauon centers su well as the shafts 
and to the same degree The trabecular pattern is 
coarse owing to the disappearance of the smaller seC 
ondary trabecula The calvana may be normal or ex 
bibit a granular rarefaction The lamina duras giadu 
ally lose their sclerobc density and disappear late in 
severe cases Vertebral bodies become more radiolu 
cent and are weakened so that the nuclei pulposi di 
late against them and compress them into biconcave 
shapes In long standing cases kyphosis scohosis 
and loss of stature from spmal deformity are com 
mon. Mulbple cysbc rarefacbons and pathologic frac 
tuies foliowedby bowing and angulabon defoimibes 
may be conspicuous radiologic features Important 
radiologic findings m the abdomen and pelvis include 
stones m the kidneys renal pelves ureters and blad 
der In the case of large medially placed parathyroid 
rumors indentation on the conbguous banum filled 
esophagus has been demonstrated 

Aceto and associates found severe rarefacbon in 
the bones of an mfant 5 days of age bom of a mother 
with hypoparathyroidism they postulated that the 
fetus had compensatory intrautenne hyperparathy 
nudism secondary to the maternal hypoparathyroid 
ism Bronsky and associates described 2 cases of 
intxautenne hyperparathyroidism secondary to mater 
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nal hypoparathyroidism in 1 of which severe coarse 
rarefactions of the bones were demonstrated on the 
7th postnatal day (Fig 8 825) the bones were normal 
in the second padent Du Bois and associates in 1969 
found that only 10 cases of pnmary hyperparathyroid 
ism reported in small infants and newborns la ibeir 
patient the skeleton was generally denuneralized 
particularly the ribs and the long bones In the extrenu 
des The texture of the bones was coarsened with 
subpenosteal demineralization of the cortical walls 
The provisional zones of calcification were intact so 
there were no radiographic signs of active rickets 
Their findings were similar to those in Figure 8-823 
Secondary hyp^rparathyroidtsm is usually assoa 
ated with renal insufficiency and causes rachitic 


changes in the long bones and occasionally cystic 
rarefacdon this condition is called renal nckets Far 
athyroid enlargement is said to be common in severe 
vitanun D deficiency nckets The chemical changes 
hypercalcemia and hypophosphatemia with increased 
unnary excretion of calcium charactensdc of hyper 
parathyniidism may also be found in other conditions 
associated with extensive bone destrucdon such as 
leukemia and lymphosarcoma of the growmg skele- 
ton 

Significant skeletal changes have not been de- 
scnbed in the few authentic cases of chronic hypo- 
paralhyrotdism reported in children Emerson and 
his colleagues descnbed some osteosclerosis in a boy 
15 years of age who had congenital absence of the 




fig B -secondary hyperparath/ro d am n th« renal 
Blomerular type o< juven le neketa n a g ri tO years of age A 
aubpertoaleal bone resorpt on on tne external edge of ine con 
eal wa la of the phalanges B severe r ekets n tne metaphyaea of 
the rad us and ulna. C subpenosteal bone resorpt on on tne (at 
eral edge of the femoral neck a a m lar lea on was present n tne 


Fig 8 825 -Prenatal hyperparathyro d sm secondary to hypo 
pataWyro fi am d the pregnant mother Coarse ra elect on and 
aubper osteal resorpt on of port cal bone a clearly v s ble n tnese 


other femoral neck P resorpt on of the lateral end of the elav 
cie The k dneys of tn a pat ent were gradual y destroyed by the 
back pressu e from en opsiruci on at Ihe bladder outlet and 
bpin lubu ar and g omerular funet ona were Impa ad Tha gene- 
ra bone dens ty $ surpr s ngiy good n v sw of the severe tub 
perostea and metaphyseal )es ons 


hume ai shafts Tnese I ms were made 7 days after b rth (Prom 
e onaky et ai > 
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parathyroids Talbot found thickeiuns of the coreoal 
walls In some patients and metastatic calcification in 
soft tissues In the patient of Schulman and Ratner a 
eirl 12 years of age the skeleton was generally demin 
eralized she also had unusually low concentrations 
of calcium in the blood serum The calcium content 
of the skeleton and the serum calcium value in 
creased following vitanun D therapy 
Taybi and Keele reviewed the bone findings and 
reported two new examples in sisters 16 and II years 
of age 

PseudohypopaTathyroidtsm is a metabolic disease 
in which the cbmcal and chemical findings are iden 
ncal to those of hypoparathyroidism but in contrast 
the pabents are resistenC to the administration of 
parathormone The diagnosis is often suggested by 
the radiographic findings in the head and hands The 
calvana is thickened and the metacarpals are short 
ened unevenly (Fig 8 826) Extraskeletal calcifica 
Qons have been found in the basal cerebral gangbons 
and in soft tissues near the distal joints In the lubu 
lar bones of the hands the fourth and fifth metacar 
pals are usually most shortened and in the feet the 
fourth metatarsai In some of the shortened bones the 
shaft and its epiphyseal center fuse prematurely bat 
in others the fusion time is normal 
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fdiopathic hypercalcemta m mfants when pro- 
longed and severe (Fanconl type) is charactenzed in 
the skeleton by generalized sclerosis of all bones and 
transverse metaphyseal bands of increased and di 
nunished density in the shafts and zonular sclerotic 
margins m the round bones and the epiphyseal ossifi 
canon cemera (Fig 8-S27) The skeletal changes sim 
ulate those of vitamm D poisoning The radiographic 
osteosclerosis m De Wind s patient a boy 8 years of 
age who died of renal faJure after taking excessive 
amounts of vitamin D for more than five years re- 
sembled the usual findings in Idiopathic chronic hy 
percalceima. Microscopic caleiferous foci are found 
In the kidneys but these are rarely visible radiograph 
fcally In 15 cases the Daeschners reported gener 
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Fig 8 828 -E I n fac es of chron c d opafhe hyperealcema 
The epcanthal folds a e b oad and the nose $ pnched and 
turned up at the t p w th large ttosir Is and a broad base The I ps 
are loose w th the upper I p prom nent Temp es are narrow In 
prof e the fo ehead bulges and the ch n recedes (From Joseph 
and Parrott I 

aLzed osteoclerosis m all premature closure of cram 
al sutures and craniostenosis m 4 and nephrocalcino* 
8U in 2 Osteosclerosis was most marked at (be base 
of the skull in their cases Shiers and colleagues 
found extraskeletal calaficattons m the kidneys 
blood vessels intermuscular septum and a variety of 
other structures They also descnbed the mterestuig 
combination of hypothyroidism and idiopathic hyper 
calcenua in a single infant Chronic hypercalcemia is 
common in hyperphosphatasia. Bongiovanru and as* 
sooates pointed out that idiopathic hypercalcemia is 
a distinct clinical entity of unknown cause although 
It IS probable that excess vitamin D plays a causal 
role Individual hypersensitivity to small amounts of 
vitamin D may also be a causal factor In the severe 
cases these authors reported craniostenosis m 20% 
An elfin facies has been present ui some severe 
cases (Fig 8 828) Inacareful study of Scasesof the 
severe type Fellers and Schwartz found the serum 
vitamin D activity to be increased 20 30 times This 
suggested to them that the syndrome is a congeratal 
defect m the metabolism of vitamin D and related 
substances and properly belongs in the category of 
inherited molecular diseases or Inborn errors of me- 
tabolism 

Thyroxin appeared to be eifective in the three pa 
tients treated by Hooft and Vermassen in addition to 
the administration of decalcified milk and predra 
sone It is possible that subchmcal hypothyroidism is 
a causal factor in some cases of hypersensiUvjty to 
vitammD , , 

In the milder type of idiopathic hypercalcemia ihe 
Lightwood syndrome the bones are normal radio- 
graphically 

Aortic systolic murmurs have been present m many 


patients with the severe type ot hypercalcemia iso- 
lated supravalvular aortic stenosis and isolated pe- 
npheral pulmonary stenosis have been demonstrated 
by angiography (see vitamin D poisomng) 
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Oxalosis IS a rare disorder m which there are wide- 
ly and evenly spread deposits of oxalate crystals m 
the kidneys with progressive renal failure The renal 
glomeruli are spared in contrast to the extensive 
degeneration in the tubules The parathyroid glands 
are either normal in size or shghtly enlarged In the 
bones clusters of oxalate crystals have been demon 
sttated ui the marrow tissues cortical walls and pro- 
visional zones of calcification In our single case there 
were profound changes m the skeleton which simu 
lated those of osteitis fibrosa cystica and hyperpara 
thyroidism (Fig 8 629) At necropsy rosette like clus- 
ters of oxalate have been found in many bssues- 
pencardium myocardium thymus lungs spleen and 
pituitary gland 

It seems likely that an inborn error of metabolism is 
fbe cause of oraloMS. Excessive amounts of oxalic 
acid are formed which combine with calcium to form 
opaque calaum oxalate which is almost inert in the 
tissues 
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PrruiTARY CLANO -Disorders of this organ may be 
responsible for marked changes in the growing skele- 
ton Hyperactivity of the eosinophilic cells causes the 
excessive growth which charactenzes pituitary giant 
ism It has long been suspected but not proved that 
the atehotic type of dwarfism is due to underaetivity 
of the anterior portion of the pituitary Skeletal and 
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sexual infantilism and dwarfism are consistent fea 
tures of the cramopharyngeal pouch tumors these 
phenomena are explamed by injury to the chromo- 
philic ceUs due to pressure by the growth In a few 
eases of cerebral tumors and cerebral cysts of extrapi 
tuitary origin skeletal and sexual development has 
been accelerated supposedly by stimulation of the 
eosinophilic cells in the pars antenor of the pituitary 
Pituitary dwarfs are usually normal in stature at 
birth and may continue to grow and thrive normally 
for two or three years Then the velocity of growth 
slows and continues mdefinitely at a very slow rale 
Although stature is reduced the pituitary dwarf is 
symmetrically small Skeletal maturation is also re 
tarded in about the same degree as stature is reduced 
m hypothyroid children Epiphyseal cartilage plates 
remain visible radiographically for years after the 
normal age of fusion and may not close until late in 
adult life Secondary sexual development is markedly 
delayed and secondary sex changes may fait to ap- 
pear Facial features also remain childish but in the 
second and thud decades cutaneous elasticity is lost 
and the typical wrmkled appearance oldish young 
develops The patients are greatly improved by the 
adnumstrahon of human growth honnone Smallness 
of the bones and retardation of skeletal maturation 
are the only consistent radiographic findings The 
pituitary fossais charactenstically nonnal 
Depnvation infantilism (pseudohypopituitarttm) 
is characterized by shortness of stature retarded skel 
etal maturation voracious appetite and disturbed 
sleep patterns in children who have been depnved of 
the normal emotional and psychic experiences of in 
fancy and childhood. Statute weight and skeletal 
maturation are all presumably normal at birth and 
the velocity of growth remains normal for variable 
periods until it begins to dimmish and remains re- 
duced until treatment Is given In severe cases bi 
Zaire patterns of eating drmking and sleeping de 
velop some patients dnnk from toilet bowls hot 
water faucets ram puddles and beer cans These 
children eat two to three times as much as their sib- 
lings at one meal and frequently eat garbage and eteal 
food from kitchens and pantnes and from other chll 

dren Some of them get up from sleep at night to ‘roam 

around the house or look out the wmdow or run 
out into the street They tend to be shy and do not play 
with other children even their siblmgs After expo- 
sure to normal soaal and emotional stimuli in the 
hospital weight height and skeletal matarauon in 
crease rapidly toward nonnal and may reach and lat 
er exceed normal The only significant radiographic 
findmgs are the smallness of the individual bones and 
delayed mafurauon In some cases the cranial su 
tures have been vndened before treatment 11 is 
claimed that the sutures have widened during treat 

ment mother cases (see Fig 5-56) 

REFERENCES 


PoweUGF etal Emotional deprivation and ^wtbrelw 

danon simulating idiopathic Pitunarism 1 Clmlcalevdu 


ation of the syndrome II Endocnnological evaluation of 
the syndrome New England J Med. 276 1271 and 1279 
1967 

Silver H K and Finkelstein M Depnvation dwarfism J 
Pediat.70 317 1967 


Pineal CLAND —Neoplasms have in some mstances 
been associated with precocious sexual development 
and roentgen exammations of such patients have 
shown advanced maturation of the skeleton It has 
not been proved that these changes are due directly to 
pineal hyperplasia 

Adrenal cland —Cushing s syndrome is rare in 
children and the changes in the endoerme structures 
are varied In approximately one-half of one senes of 
cases there was some type of a pituitary tumor 31% of 
them were basophilic adenomas Malignant tumors of 
the adrenal occur m about one-fifth of cases and be- 
nign adrenal tumors in about one-tenth Notwlth 
standing the site of the tumor the clinical picture is 
due to an excess of adrenal cortical hormones Obesl 
ty of the facial and truncal type with hypertension 
and weakness are the outstanding clinical manifesta 
uons The most important radiologic findmg is rare- 


Fig 8 830 -0 ttus* severe rarefaet on oi the verteh at bod es 
aher pro onged tugH dosege treatment w m adrena cortieaster 
0 ds lor rheumato d annr i s All of the vertebral bod ei a e d f 
fuse y rarei ed and weakened The nuclei pu pos have expanded 
agansi the weakened edge of the vertebral bod ss and eetn 
pressed each nto a b concave d sk Each nuc eus pulposus has 
expanded n the MervenePrsl d sks to p oduce a b convex Irv 
lervertebrai d sk Th $ g rl was 13 years ofage 
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F)g S S31 —Adrenal cort costero d effect on the grow ng skpH ture« are w dened and the fontanels enlarged The pat ent a bo/ 

Vf den ng of the suture and enlargement ot fontanels alter co/t had congenial neutropena Neurologe tndngs were nornial 

sonedaly in 10-20 mg doses from age a months (A) when tf*e andthecere&rospnalflu d rema ned free of cells 
skull s normal to age 20 months (B) when all of the maior $u 


Fig a-832 -Severe muscular atrophy and hypopiasa n * 
nephrei e boy 2B months oi age who had rece ved da ly doses of 
20 too mg of Predn sone for s X months The muscular bundles 
are redue^ n volume w th compensatory increase in subcuta 
neous end tntremuecular fet 



faction of the venebral bodies with compression frac 
rates The skull may also be markedly denunerahzed 
and fractures of the ribs have occurred in several 
cases 

The administration of corticosteroids m large dozes 
during long penods may demuierahze the spine 
weaken the venebral bo^es and produce compres 
Sion fractures in them (Fig 8 630) In the skuU the 
sutures may widen and the fontanels enlarge at the 
same tune— changes which simulate actively In 
creased intracranial pressure and hydrocephalus 
(Fig 8 831) The long ^ne$ also become xaxehed af 
ter protracted administration of corticosteroids and 
pathologic fractures may develop Corticosteroids 
given in long uninterrupted courses to juvenile asth 
manes have caused severe dwarfism and Inf anbhsm 
Protracted administration produced clinical and radi 
ographic signs of increased intracranial pressure m 
two children treated by Mathews and Shepard 
Muscular atrophy and weakness most severe in the 
thigh and pelvic muscles (Fig 6 832) have been re 
ported in several children after prolonged high-dos 
age administration of adrenocoiticosteroids who were 
suffenog from collagen disease nephrosis asthma 
and leukemia. Byers s youngest patient was tivo 
years nine months of age Afifi and colleagues re- 
viewed stertnd myopathy in 1968 
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pressure with mamcinolone Lancet 1 75 1961 
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In primary chronic nnder/unction of the cortex 
(Addison’s disease), which is much rarer in duldren 
than in adults, the pnncipal clinical signs are inalnu 
tntion, muscular weakness, strikingly easy fatigabili 
ty, salt craving, dehydration vascular hypotension, 
regional hyperpigmentation and microcardia Radio- 
logic exammanon of the long bones may show moder 
ate rarefaction 

In excessine chronic ouer/unctiow of the cortex, 
vinhsm is the most important climcal feature It re- 
sults from excess of androgens and is due to cxingeni 
tal bilateral hyperplasia or umlateral cardnoma 
When this hegms early dunng fetal hfe the lower 
genital tract is malformed with changes suggestive of 
hermaphroditism Girls make up 80% of such cases 
After birth the excess androgens stimulate over 
growth and accelerated maturation of many tissues 
In females the clitoris hypertrophies, in boys the pe 
ms grows rapidly to adult size dunng childhood In 
guh breast development is delayed or does not oc 
cur and menstruation does not begin dunng the usu 
al tune, at adolescence Hirsutism is the rule in 
both sexes Radiologic examination of the long bones 
always shows acceleration of maeuiauon and of 
growth Later the overgrowth may be converted inio 
dwarfism owing to premature disappearance of the 
metaphyseal cartilage and early union of the shafts 
and theu epiphyseal centers The laryngeal and costal 
cartilages calcify early, the latter begin to calcify at 
9-10 years mstead of between the normal lS-30 
years Wagner and associates, in a study of androgen 
1C vmltsm (both hyperplastic and neopiasQc), found 
dental maturation advanced in the majonty of these 
patients in contrast, accelerated maturation of tfae 
teeth was exceptional In constitutional sexual preco- 
city 

Increased medullary /unction is usually due to 
tumors of the pheochromocytoma type, which cause 
'ias/uilar b.-yjactauAUM. djiR Ui excaaslxe. uuCp'it qC ept. 
nephnne Changes in the long bones which resemble 
infarcts radiographically were found in patients with 
benign, pheochromocytomas by Becker Studies of the 
microcirculation Indicated that an excess of epmeph 
nne caused hemoconcentradon with engorgement of 
the capillaries with red blood cells and slowing of the 
capillary blood due to increased viscosity to blood 
Eventually nucrothrombi formed resuldng in stasis of 
blood and disruption of the capillary walls Radi 
ogiaphs were made originally in these patients be 
cause of ankle and knee pam The bone changes sim 
ulated the infarcts of sickle cell anemia-triangulaa 
patches of mixed sclerosis and rarefacdon with dis 
nipdon of local trabeculae After exnsion of the adre- 
nal tumors the bone changes disappeared. Becker 
suggested that the mierocirculatory changes explain 


the acrodyniahke clinical findings in some cases of 
pheochromocytoma 

Decreased medullary function has not been idenn 
fied as a chnical entity and there are no known 
changes m the long bones due to this factor 
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Gonads — Under/unction of the ovaries is most 
often due to congenital aplasia but may also follow 
bilateral disease or removal surgically or by radia 
tion The lack of estrogen causes sbght undergrowth 
and often inversion of the nipples and webbed 
(sphinx) neck Dunng childhood skeletal development 
js in the lower levels of the normal range Later, after 
adolescence, there is delayed fusion of the epiphyseal 
centers with the shafts l/ndcr/unction of the testes 
is relatively rare, there are no known abnonnal 
changes in the long bones dunng infancy and child 
hood, after adolescence the epiphyses fail to fuse or 
fuse too late with their shafts 

Over/unetion of the gonads is usually character 
ized by rapid Increase in growth and an acceleraDcn 
of maturation Excessive ovanan function Is usually 
due to granulosa cell tumor, and excessive testicular 
funcQon to interstitial (Leydig) cell tumor Radiologic 
examination of the long bones invanably shows ac 
celerationof their maturation provided suSicient tune 
has elapsed since the onset of the excess hormonal 
effect 

In females the pelvic viscera can be visualized to 
advantage by pneumoperitoneum according to Xun 
stader and co-workers Tumors and cysts of the ova 
nes can be identified and normal and bypoplastw 
female pelvic organs can be seen without recourse to 
surgical exploration 

Chbomosomal abnormalities — Cytogeiuc evalua 
tion of human chromosomal patterns has demonstrat 
cd that there are several clinical syndromes which 
are associated with chromosomal aberrations of the 
sexual chromosomes as well as the somatic chromo- 
somes Two clinical entities, in which gonadal growth 
and function have been destroyed or weakened are 
associated with the abnormal sexual chromosomal 
patteens-the XO pattern in ovanan dysgenesis and 
the XXY pattern m dysgenesis of semimferous tu 
bules In both the phenotype is heterosexual to the 
nuclear chromatin patterns 

Ja gonadal dysgenesis (ovarian dysgenesis, Turn 
syndrome, Bonnevie Ullrich) the real gonad 
never develops in either the fetus or the child being 
represented by a ndge of connective tissue, lacking 
gemunal elements in each mesosalpinx. Functional 
ly, this gonadal defidt operates as a fetal castration, 
and in the absence of gonads, the somatically male 
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fetus and child develops as a female True sex can be 
identified in such patients only by the male pattern of 
the nuclear chromatin The external gemtaha are 
feminine but remain infantile, as do the other repro- 
ductive structures and functions At pubeny the usu 
al estrogen induced secondary sexual features do not 
develop or develop very weakly, except for the sexual 
hair, which does appear somewhat late and is sparse 
The unnary gonadotropins at adolescence, increase 
to excessively high concentrations, owing to the at 
tempts of the pituitary to stimulate the rudimentary 
gonads to normal hormonal function Dunng infancy 
and childhood the urutary gonadotropins remain at 
normal levels At and after adolescence, excessively 
high gonadotropin concentrauons provide one of the 
basic diagnostic findings At all ages the number of 
nuclear chromosomes is 4S Instead of 46. and the 
sexual chromosomal pattern is XO due to the absence 
of the male Y chromosome Other abnormal sex chro- 
mosome patterns such as XX/XO and XXX/XXWO are 
rarely present In such cases, the female nuclear 


F 19 8-833 —Edema of the foot in class c infantile gonadal 
dysgenes s in a boy 2 months of age The soft tissues dorsad to the 
bones in the foot are swollen and increased in density with 
lAliteration of the image of the subcutaneous fat Gonadal 
dysgenesis often presents symmetrical edema of the dorsums of the 
feel which is marked during early infancy but disappears gradually 
as the infant grows older 


chromatin bodies are always one less in number than 
the number of X chromosomes 
Ihe patient presents a short stature, legs and an- 
kles swoUen with lymphedema, especially dunng m 
fancy (Fig 8 833), and widely spaced, small, inverted 
nipples Webbing of the neck, one of the hallmark^ of 
Ihe syndrome, is present in about one third of pa- 
tients A variety of congenital malformations, wluch 
vary in different patients, have been desenbed In the 
skeleton, the third and fourth metacaipals may be 
shortened (Fig 8 $34) Kosowicr found the proxijnal 
ends of the tibial shafts to be mdened (Fig 8-835) m 
19 of 24 patients, we have not seen these lesion^ In 
infants and children The mandible is usually abnor- 
mally small Finby and Archibald found MadeluPg's 
ulnar deviation of the hand at the wnst, and hypopla 
sia of the first cervical vertebra in 33 patients, 2fi of 
whom were older than 13 years In our Juvenile pa 
tients the skeletons have been normal except for 
shortness of long bones, retarded maturation and 
slight generalized rarefaction 


Fig 8 834 -Asymmetrical hypoplasia of the metacarpals of a enlarged and die secondary ep physeal ossificaf on centers pro- 

girl 1S years of age with clinical and chemical gonadal dysgene- maturely tused to their Bhatts The shortened metacarpals thus 

«s wva mate nuclear chromaw in «ve lett trarvd the 3rd to 5th e»h b .1 the paradoxicaJ comb nat on of hypoglas a and acceierat 
trretacarpals are shortened and m the right hatrd the 4th and Slh ed maiuralion In the unaffected bones maturation is delayed and 

metacarpals In all of the shortened metacarpals the ends arc approrcimates the average for nealthy girls 11 years of age 
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The reader u referred to the pubbcations of Baker 
and of Palma and their colleagues for the differences 
and unulantles in true Turner s syndrome and pseu 
de-Turner’s syndrome 
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In dysgenesis of semtmferoui tubules (true Kfine 
fetter s syndrome) feminine nuclear chromatin bodies 
are present in mdividuals who are somatically males 
but who have small and defective testicles. The 
seminiferous tubules are fibrosed and lined with 
Senoli cells the germinal epithelium is absent or 
deficient Smallness or seeming absence of the lesn 
cles IS the only clinical sign until puberty when gyne 
comastia and a general eunuchoid consbtution de 
vetop This lesion is one of the common causes of m 
femhty in phenotypic males and is believed to be-the 
most frequent of all chromosomal aberrations Tfaere 
are 47 diploid chromosomes in most patients with an 
XXY pattern of sexual chromosomes Other abnormal 
patterns such as XXXY and even XXXXY (see rarfjouf 
nar synostosis) have been encountered After puberty 
the unnary gonadotropins nse to high levels and 


thereafter become an important diagnostic feature 
During infancy and childhood there are no diagnos 
nc radiographic changes the diagnosis js made in 
the presence of 47 chromosomes with an extra X 
chromosome and feminine pattern of the nuclear 
chromatin. Orchins acquired postnatally may sunu 
late the clinical picture of prenatal seminiferous tu 
bule dysgenesis and^s been called false Klinefel 
ter’s syndrome •• 

REFERENCE 

Ciumbach M W Sex chromatin pattern in (eminiferous 
lubule dyigenesis and ether testicular disorders J Clin. 
Endocnnol 17 703 19S7 

Thedutosomot Intomtes in which the sex chromo- 
somes are normal and the somatic chromosomes are 
excessive In number have been found in three cJini 
cal syndromes tnsomy G (group 21 23) in mongo! 
oidism or Down s syndrome and tnsomy D (group 
13 IS) and tnsomy E (group 16-18) in clinical syn 
dromes made up of multiple vanable congenital 
malformations and malfunctions All three of these 
tnsomies are charactenzed by a high mcidence of 
mental retardation malnutntion fetal and postnatal 
dwarfism abnormal dermal patterns small matndi 
bles malformations of the heart and with all of 
(hem high maternal age at the time of conception In 
each of the chmcal syndromes the karyotype of the 
affected individual is Increased to 47 and the extra 
chromosome IS located at 21 23 (G) or 13-15 (D)or 17 

18 (E) The radiographic features of mongoloidism or 

tnsomy G (21 22) are recorded elsewhere In this 
book 

Trisomy-E (16 18) is said to have more consistent 
cbnical manifestations than mongoloidism and the 
clinical diagnosis can be made before the chromo- 
somal changes have been identified microscopically 


The most important clinica] findings include dwarf 
ism, mental retardation, malnutrition, hypertoma, 
small mandible with lowly set ears and small tnangu 
lar mouth, highly arched palate, abnormal dermal 
patterns, widely spaced mpples, overlapping flexion 
deformities of the fingers, flat feet and hammer toes, 
long heels and short great toes, short sternum, anom 
alies of the unnary tract, and congenital malfonna 
nons of the heart— usually patencies of the ductus 
arteriosus and of the interventricular septum The 
radiographic examination is helpful in identifying 
shortness of the sternum and m detailed study of the 
anomalies of the heart and unnary tract. The super 
numerary acrocentric chromosome is m a group 
made up of chromosomes 17 18 with the total num 
her of chromosomes increased to 47 
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In trisomy D ^3 15) syndrome, the principal chni 
cal findmgs are psychomotor retardation, apneic epi 
sodes, deafness, psychomotor seizures, hypertonia. 
Incomplete ossification of the calvana, artunencepha 
ly, microphthalmia, frontal hemangioma, small man 
^ble and low set ears, harelip and cleft palate, flenon 
deformities of fingers and toes, Polydactyly, bypercon 
vex fingernails, simian creases m the palms, abnor 
mal dermal patterns, malrotation of the colon, early 
infantile death and advanced maternal age Bad) 
ographic examination aids in the diagnosis of malro- 
taoon of the colon, and the heart and urinary tract 
should be studied radiographically in the complete 
uivestigaoan of such panents The karyotype is m 
creased to 47 chromosomes and the extra chromo- 
some IS located on the group 13-15 
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The cri du chat syndrome was first desenbed by 
Lejune in 1963 and is one of the recogmzed autoso- 
mal genetic syndromes The karyotype contains a 
normal number of chromosomes (46), but in t of the 
B group (Denver 4 5) much of the short arm is delet 
ed Clinical features include mental retardation, 
muscular hypotonia, small and letrodisplaced tongue, 
low set ears, moon face, obhque palpebral fissures 
which extend laterad and caudad (antimongoloid) 
and hypertelorism The cardinal clinical finding is a 
thm high plaintive cry which simulates the mewing 
of a fnghtened kitten The diagnosis is usually made 
from this Idttenhke cry The radiographic findings are 
nonspecific and of secondary and terdary importance 
m diagnosis They include microcephaly and occipital 
postural flattening of the calvaria and orbital hyperte- 
lorism In the pelvis the Uiac angle has been in 
creased m some patients Other inconstant findings 
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are agenesis of the corpus callosum, horseshoe kidney 
and congenital malformations of the heart The long 
bones are usually slender, elongated and poorly min- 
eralized due to muscular hypotonia. 

REFERENCE 

James A E, Jr. et al The cn du chat syndrome, Radiology 
92 SO 1969 

fdiopot/iic hemihypertrophy (asymmetry), m one 
case, was associated with diploid tnploid mosaicism 
In this case, described by Femer and colleagues, cul 
tunes of the leukocytes yielded chromosomes normal 
in both number and pattern However, in cultures of 
fibroblasts from the fascia lata and the skm, some 
cells had 69 chromosomes in tnploid groupmgs The 
sex chromosomes were grouped XXY The sex nuclear 
chromatin pattern was normal A minority of the 
fibroblasts were tnploid and the majonty were dip- 
loid Clinical findings also included dohcho-oxyceph 
aly, ancimongoload slant to palpebral fissures, syn 
dactyly, paichy hyperpigmentation of the trunk and 
thigh, and mental retardation Benson and coworkers 
have pointed out the high incidence of Wilms' and 
adrenal tumors in congenital asymmetry, but cbTOR>&- 
soma) patterns were not reported by them 
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The orodigitofacial sjtndrome was first recognized 
by PapilloQ Leage and Psaume in 1954 Grob is said 
to have named the same syndrome “dysplasia hngu 
ofacialis" in 1957 Hypertrophy of the upper and 
lower frenula appears to be the basic lesion, which 
leads to clefts m the tongue and jaws The tongue is 
cleft anteriOTly in the midsagittal plane and on the 
sides symmetrically at the levels of the lateral incisor 
canine teeth (Fig S-836, A) The maxiUaxy canine 
teeth are usually ectopic and the mandibular lateral 
inasors are commonly absent Multiple other cranial 
dyspla.sias include median incomplete cleft of the* 
upper lip. true cleft palate, smallness of the mandible, 
hypoplasia of the alar cartilages of the nose, hypopla 
sia of the base of the skull and orbital hypertelorism 
Fmger deformities are present in most cases, these 
mclude shortening 'bending and fusion of the pha 
langes (Fig 8 836 , 8 and C) This is another example 
of the developmental dependence of the tongue and 
the digits, w^ch occurs m its more severe form in 
combmed absence of the tongue and digits-the lin 
gual aplasia-adactyha syndrome Deformities of the 
toes are less common than those in the fingers Dry- 
ness and sparseness of hair in the scalp are present in 
more than half of the pacems One-thlid to one-half 
of the patients are mentally retarded In necropsies, 
Doege found polyeysdc disease of the kidneys in one 
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case and renal polycystic disease combined with gen 
ecalized cystic disease of the liver and pancreas in 
another The orodigitofacial syndrome is limited to 
females, with one possible exception, they are usuaUy 
mentally retarded 

In a few cases Reuss and Kushmck and their col* 
leagues and Goilm and Psaume found autosomal tn 
somy with a complement of 47 chromosomes and par 
tial msomy of the no I chromosome The syndrome 
appears to be Imked with the sex chromosomes and is 
lethal in the male The nuclear chromatm pattern is 
female (positive) m all cases except that of Kushmck 
Gorhn and Psaume pointed out that some elements of 
the orodigitofacial syndrome are seen In other condi 
nons fusion of the upper hp with the gum in the El 
hs Van Creveld syndrome, hypoplasia of the alar car 
tilages in the Waaidenbeig syndrome, and hypoplasia 
of the malar bones in Treacher Collins disease 
The similar syndrome of Remoin Is characterized 
hy bilateral syndactyly of the great toes, geneoc 
transmission is autosomal recessive 
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Obesitv -For many years u was assumed that 
skeletal development was delayed in obese children, 
in the belief that hypothyroidism was a causal factor 
in juvenile obesity In a careful study of alaige group 
of excessively fat children, Bruch found that skeletal 
maturation and growth were advanced or normal 
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Bone Changes in Diseases of the 
Central Nervous System 

Growth and maturation of the skeleton may be re 
tarded or normal m cerebral hypoplasia. In the ex 
treme cases of microcephaly, dwarfism and skeletal 
infantilism are common Maturation of the skeleton 
has been retarded, normal and rarely advanced in our 
cases of mongoloidism According to Benda the slow 
growth m mongoloidism is due to premature degener 
ation of the cartilage columns in the metaphyses of 


the tubular bones, a similar type of degeneration Is 
found after abladon of the pituitary gland The most 
valuable diagnostic changes in the mongoloid skele- 
ton are In the pelvic bones, where the changes at® 
most significant dunng the first weeks and months of 
life, when diagnosis on other grounds is most unoot 
tain (see Fig &-52) Koehler stated that in Little's 
spastic paraplegia the patellas may be displaced 
' cephalad several centimeters in patients vnth long- 
standing ngidity and contractures of the lower ex- 
tremities In all of the chronic paralytic diseased of 
neural ongin, regional bone atrophy develops shortly 
after onset of the paralysis Papavasihou and col- 
leagues found widely scattered skeletal changes tn 
their patient who had idiopathic acroosteolysis, 
which suggested possible widely scattered disturb- 
ances in rbe peripheral nerves The skull shoi'fcd 
remarkable bathrocephaly with irregular and mc<’m 
plete ossification along both hmbs of the lambdoida] 
suture The skeletal changes in neurofibromat(>sis 
and sympathicoblastomas are discussed on page g 08 
to 811 it has been pomted out that Len’s flowing 
penosQus and osteodystrophia fibrosa (McCuno-'U- 
bngbt) may be manifestations of pnmary disease of 
the peripheral nerves 

In (tiherous sclerosts (adenoma sebaceum), Holt 
and Dickerson found that 40% of then adult patieRiB 
had sclerotic plaques in the diploic space of the CRI 
vana. and more than two thirds had "cystic'’ destrUc 
tiOD of the phalanges and/or cortical thickenings of 
the metacarpals and metatarsals Other lesions tn 
eluded fibrous nodules ui the cerebrum, often paravcn* 
tncular, which projected into the lateral ventricles 
Many of these were calctferous Reunal fibromas c«t 
be seen in many patients on fundoscopic study Em- 
bryonal fibromas in the kidneys and renal pelves have 
been found frequently Hamartomas (cysts and fibro- 
mas) have also been present m the lungs, liver, adre- 
nals and the myocardium In the facial skin, sm^h 
hyperenuc nodules are distnbuted m a butterfly pat 
tern over the nose, cheeks and chm The cardinal 
components of tuberous sclerosis are mental retarda 
lion, epileptiform seizures and facial adenoma seba 
ceum, according to Boumeville, who first described 
the syndrome in 1680 

The kinky fiair syndrome, described by Menkes in 
1962, is a degenerative disease of the central nervous 
system characterized by failure to thrive, mental aPd 
motor retardation, dome seizures, pecuhr. kinky h^ 
and eyebrows and profound degeneraticn of the brain 
and spinal cord Genetic transrmssion is sex limited, 
limited to males Wesenberg and associates foufld 
spurs at the ends of the shafts of the long bones, dif 
fuse flaring of the sternal ends of the nbs excessive 
numbers of Wormian bones m the calvana ahd 
smallness of the skulls Dunng the second half of th® 
1st year, cortical thickemngs developed in the fem^r 
and humerus and to a less degree, in the bones of the 
forearms and shanks These bones were not fra® 
tured, but one could raise the question of corticRi 
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thickenings due to trauma possibly a result of severe 
repeated clonic seizures The symmetncal positKui of 
the cortical thickenmgs is unusual for external trau 
matic origin In two cases artenograms disclosed 
marked malformations of the cerebral arteries 

REFERENCE 

Wesenberg R L etal Radiologic findings ui the kinky hair 
syndroTne Radiology 92 SOO 1969 

Multiple neurofibromas of the intercostal nerves 
may produce multiple erosions on the under edges of 
the nbs similar to the costal erosions of coarctation of 
the aorta 

In association with subdural hematoma we have 
found multiple lesions of the long bones m many 
cases Roentgenographically these changes are multi 
pie fractures (Fig BB37) large subperiosteal bemor 
rhages usually accompany the fractures It is highly 
probable that the hyperostoses and fractures are due 
to unrecogmzcd simple direct trauma with the trau 
mane episodes demed by the parents or other custo- 
dian of the infant or young child 

In mongoloidism the facial bones are hypoplastic 
and minerahzation of the small nasal bone may be 
greatly delayed or missing Maturation of the long 
bones may be normal delayed or accelerated in mon 
goloidism and other types of mental retardation asso- 
ciated with cerebral hypoplasia The most character 

Fig a 637 -Subdural hamstd«Tia with changes in the long 
bones of an infant S months of age A, mult pie impacted frac 
turas In the bones near the knae jo nts 8, six weeks later the per 
losleum IS separated from the ahalts and is lay ng down sheets of 


istic skeletal feature of mongoloidism dunng the car 
ly months of life is smallness of the acetabular angles 
and deepening of the acetabular cups the wmgs of 
the ilta are large and flare laterad 
Lesions of the spmal cord which denervate the 
bones produce profound changes in them The long 
bones become brittle and easily vulnerable to fracture 
by even trivial trauma failure of umon and pseudar 
throsis have followed some of these fractures The 
shafts may become osteoporotic and small in caliber 
owing to overconstnction In the sites of fracture the 
shaft may be expanded when the rest of the same 
shaft IS overconstneted Repeated mechanical injury 
to insensitive joints may produce neuropathic joints 
with the customary radiologic signs of sclerosis and 
fragmentation in the ends of the opposing bones 
Wilsons disease (hepatolenticular degeneration) 
may include multiple skeletal changes, among them 
osteochondrosis on the edges of the vertebral bodies 
osteochondrosis dissecans in the femurs and talus 
bones multiple osteoarthrosis and generalized bone 
rarefaction Alt of these bone lesions have been relat 
ed causally to dysfunction of the renal tubules which 
in lummay be due to deposition ofcopperm the renal 
tubular epithebum The resultant damage to renal 
function may induce radiographic changes identical 
to those of classic nckets (Cavallino and Crossman) 
Among 38 patients Mindelzun and associates found 
normal skeletons in only 5 9 had subamcular cysts 

subpenosiMl bon« which are moat eonsp euous m tha laft leirur 
and tibia There ere no seuivyi ke changes in metaphyses or apl 
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Pg t B3B -Opa<)u« long luO nal sp culat on o< tn« meuphya a 
of tn« rad us and to a lasaar dagrea or tha ulna ol a boy 2 
monins ot age who bad cbem ca’ly proved pbeny ketonur a in A 
at 2 months the sp cules proiact beyond the prov a onal aone of 
calc f eat on into the eont guous ep physeai earr lage In 6 and C 
at 4 and s months of age resoeet veiy (he so euiai ons are bur ad 


Into the ahatt aa \bt bone grows d stalwarO The cupp ng c4 the 
uirta and sl ghtiy (rayed appearance of the metaphyses are both 
suggest ve of r ckets but the ntaet prov s onal zones of calc f 
eat on negate ih s d agnos $ (From Fe nberg and F aeh ) 


The bones near the joints avere fragmented in 6 
patients 

Phenylketonurta is due to a deftclency of the en 
zyme phenylalanine hydroxylase m the liver which 
prevents the normal conversion of phenylalarune to 
tyrosine As a result phenylketone bodies are excret 
ed In the unne and normal ryrosuie metabolism is 
reduced which leads to the underproduction of mel 
anin which is responsible for the fair complexion of 
affected persons They also suffer varying degrees of 
mental dehciency associated withlugh phenylalanine 
levels in the central nervous system Inadence is 
about 1 per 50 000 births but is as high as 1 in 4 
births in the offspring of phenylketonunc parents 
Chemical diagnosis can be made after the first few 
weeks of life by the identificatioti of phenylpynivic 
acid m the urine and the high phenylalanine levels in 
blood plasma. In 5 of 10 patients younger than 13 
months Feinberg and Fisch found cupping and fray 
ing of the distal ends of the radius and ulna but with 
out demineralization of the provisional zone of calci 
fication as in tickets <Fig &-938) Murdoch and Hoi 
man found similar bone changes in 2 patients who 
had had low phenylalanine diets since infancy 
homocysUnuna —Similar longitudmal spicula 
hons in the metaphyses and neighboring epiphyseal 
cartilages were found m four children suffering from 
homocystinuna by Morells and associates In many of 
its features homocystmuna sunulates the Marfan 
syndrome and many of the patients are mentally re 
tarded 


Cifstinosts IS a rare familial disease in which cys 
une crystals accumulate in the bone marrow penp^ 
eral leukocytes cornea and conjunctiva. Child^n 
often die of renal failure during the first decade of 
life ui contrast to adult cystinosis which is marked 
long survival Juvenile cystinosis begins during in 
fancy with polyuna polydypsia retardation of growth 
and the development of classic nckets Defective 
reabsoTption In the renal tubules causes renal hypor 
phospbatuna glycosuria ammoaciduna hypopho^ 
phaiemia hypokalemia and acidosis (Fancom sfn 
drome) 
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Bone Changes Associated with 
Cardiac Disease 
In poorly compensated heart disease which begins 
at birth or in the first years of life the growth and 
maturation of the skeleton may be conspicuously re 
tarded We have never seen generaLzed periosteal 
thickening of the long bones (cardiac osieoaithrop' 
athy) in numerous cases of cardiac disease with 
long standing and eventually fatal decompensauon 
In our experience clubbing of the digits ts bmited to 
thickening of the soft tissues at their distal ends the 
terminal phalanges have not been sigruticancly al 
tered Phtden and Ghormley found extensive scattered 
sclerosis of the skeleton associated with coarctation 
of the aorta in a woman 22 years old Occasionally 
the diploic spaces of the panetal bones ate widened 
and radially striated in infants who have cyanooc 
congemtal heart disease (see Figs 1 153 and l 154) 
Sclerotic patches in the vertebral bodies have also 
developed in some cyanoac patients (see Fig 9 59) 
This cranial lesion probably represents a local hyper 
plasia of the diploic red marrow m compensation for 
the Increased need for red cells In cyanooc heart dis- 

Holt Orum it/ndrome —In 1960 Holt and Oram 
descnbed the familial transmission of combined con 
genital cardiac deformities and skeletal dysplasias in 
the arras and hands There were no changes in the 
lower extremities In their first report defects in the 
atnal septum were associated with dysplasias of the 
tubular bones of the hands principally the thumbs 
and first metacaipals At least 30 examples bad been 
reported by 1967 (Chang) Patency of the interatna) 
septum has been the most frequent cardiac lesion 
but ventricular septal defects and anomabes of the 
great vessels also are common In the skeleton the 
thumbs are most frequently affected with three phal 
anges in the thumbs instead of two The third phalanx 
of the thumb is located in the same plane as in the 
fingers and the thumbs resemble the other digits 
Apposition of the phalangeal thumb and fingers is 
difficult and often impossible Any segment of the 
upper extremity however may have skeletal and 
muscular anomalies Poznanski and associates found 


extra carpal bones to be the most striking abnormali 
ty in the skeletons of their patients 
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Bone Changes Associated with 
Diseases of Alimentary Tract 
Baker and Hams found the skeleton to be normal 
at birth in patients who suffered from congenital ab- 
sence or atresia of the intrahepatic bile ducts With 
advancing age the tubular bones became rarefied 
and failed to constrict which produced long bones 
with dilated medullary cavities and thin corneal 
walls Also the bursas m the extensor surfaces of the 
arms and legs swelled progressively These changes 
were proportionate to the seventy of the hepanc defi 
ciencies The calvaria remained normal 
Traumatic pseudocytt of the pancreas U not a 
common cause of lesions in the growing skeleton 
Sperling found scattered changes in the bones of a 
guI21 months of age who had been struck by an auto- 
mobile trailer and pinned beneath It The bones in the 
extremities were tender and the skin was swoUeti end 
reddened A mass was felt in the abdomen which 
yielded 700 ml of bile stained fiuid A biopsy bone 
specimen was normal microscopically At surgical 
exploration of the abdomen the peritoneal cavity was 
filled with bile stained fluid adhesions and calcifer 
ous plaques The head of the pancreas was necrotic 
and the body and tail were hemorrhagic edematous 
and friable A large pancreatic pseudocyst was pres 
cot The radiographic changes in the bones were most 
marked in the radius and ulna and consisted of ter 
minal rarefactions of the epiphyseal ossification cen 
ters plus defects in cortical and cancellous bone The 
changes in the distal ends of the ubia were most se- 
vere and were still marked one year after the acci 
dent 
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Bone Changes Associated with 
Respiratory Disease 

The growth and development of the skeleton may 
be retarded in severe long standing diseases of the 
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F(g 8 839 Gane a> zed lamellated cor( cal ^ype'osto$ 5 (pul 
monary osteoarthropathy^ n a g rl 7 years of age who had had 
cyat c I bros a of the pancreas w th severe obstruct ve emphyse- 
ma bronchopneumoh a and cor putmona e s nee the secortd half 
of her isi year A left arm B shanks On both s des the femur 
humerus t b a > buta rad us and ulna were attected 


lungs and bronchi especially m bronchiectasis asso- 
ciated With severe malnutnoon The chronic broncho- 
pneumonia and emphysema of cystic fibrosis of the 
pancreas are the common cause of respiratory under 
growth of the skeleton and infantilism In several pa 
tients the radiographic picture of pulmonary osteoar 

(hropatliy'hasbeen demonstrated ITig B-SSSf) and in 

some the joints have been swollen In true hyper 
trophic pulmonary osteoarthropathy according to 
Camp and Scanlan the bone changes do not appear 
before puberty Clubbing of the digits due to chronic 
respiratory disease has not been associated with 
thickening of the underlying phalanges in our expen 
ence We believe that several cases of hyperphospba 
tasia have been confused with hypertrophic pulmo- 
nary osteoarthropathy 

In the report of Cunaiino and associates on famil 
ial idiopathic osteoarthropathy pachydermoperiostltis 
was cited as a special type of pachydermia which has 
the peculiar tendency to be associated with osteoar 
thropathy Cutis verticis gyrata has been present in 
some of the pauents In Cuirannos two patients 
diffuse infantile eczema preceded and then acconipa 
nied generalized external thickenings of the long 
bones and preceded the onset of arthritis by many 
months 
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Bone Changes Associated widH 
Renal Disease 

The ^wing skeleton is often profoundly affected 
by chronic renal insufficiency especially tubular f^ 
ure of reabsoipGon Renal tickets and generabz^d 
deminerahzation of the bones are seen in many types 
of chronic renal failure renal hypoplasia, congeniial 
polycystic disease renal atrophy due to back pressure 
from bilateral obstructive lesions in the unnUE? 
tracts idiopathic renal tubular insufficiency witbapd 
writbout glycosuna, and in chronic glomerulonephzit 
1 $ In the nephroQc syndrome in contrast renal ndlt 
ets IS all but uolotown The bone changes in both 
primary and secondary hyperparathyroidism are also 
associated ivjth chronic renal disease and renal fail 
ute Rarefaction of the bones also may develop in th® 
TniJk drinker's syndrome in which renal injury is 
the rule The common infantile and juvenile tumor of 
the kidney Wilms tumor rarely if ever metastasizes 
to the skeleton in contrast to the common secondary 
skeletal tumors with sympathicoblastoma of the adr® 
na)s 

Progressive bilateral resorption of the bones of the 
bands wnsts forearms and upper arms began at a^e 
2y» years in a girl studied by Torg and Steel She 
chrome hematuria and albuminuria. Focal necrosis 
of the bone also developed in the left clavicle the 
bones at the cuneiform metatarsal junctions ar>d 
(heir metatarsal phalangeal jomts 
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Bone Changes Associated with 
Cutaneous Disease 
Several iittnnsic and congenital disorders have al 
ready been described in which lesions of the skeleton 
and of the skin and its appendages the hair nails and 
teeth are associated In osteodystrophia fibrosa 
(McCune Albnght) the skin shows excessive pigmen 
tation In patches the nails and teeth are hypoplastic 
in the Elhs Van Creveld syndrome (chondroectoder 
mal dysplasia) osteopoikilosis may be comphcated by 
dermatofibrosis lenhculans and albmism was present 
m one of the two patients who had Pyle s diseaselsym 
metrical splaying of long hones) The tetrad made up 
of anomalies of the nails hypoplasia of the radius (see 
Fig 8-641) and humerus at the elbows absence hypo- 
plasia or dislocation of the patella with hypoplasia of 
the lateral femoral condyle and the presence of bilat 
eral iliac horns Is a distinct clinical and genetic entity 
which has been called hereditary onychodysplasia 
and might also be called the nail elbow knee ilium 
syndrome Renal disease frequently complicates the 
nail patella syndrome (Leahy) At necropsy most of the 
glomeruli have been completely hyalinizcd with broad 
zones of tubular destruction and moderate fibrosis In 
the interstitial tissues lymphocytes and plasma cells 
are present in large numbers Beals and Eckhatdt 
found albuminuna in 30% of the affected patients ut 
their nine kindreds of osteo-onychodysplasia Multiple 
skeletal defects have also been reported in association 
with adenoma sebaceum (tuberous sclerosis) 
Follicular atrophy of the skin has been found ui 
several dwarfed and deformed infants and children 
Alopecia of the scalp and mental retardation have 
also been present m some of these patients The skel 
etal changes simulate hypoplastic achondroplasia 
except that the shortening of the long tubular bones 
is much more marked on one side of the body 
Xnnthowatosis cutis may be chaxactemed by de- 


fects in the bones underlying the fatty tumors in the 
sVm(Fig 8 840) 

In the angio-osteohypertrophy syndrome of Khppel 
Trenaunay Weber (triad of cutaneous hemang oma. 
vancose veins and hypertrophy of soft tissues and 
bone) Caplan and associates noted in one girl of 9 
years massive edema ascites and hypoprotememia 
due to exudative enteropathy 
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Scleroderma and melorheostosis have been found 
In conjunction in several patients the lesions are 
usually regional with the scleroderma overlying the 
sites of melorheostosis The bones and skin in the 
arms and at the shoulder have usually been most 
severely a/fecied In two cases there have been asso- 
ciated focal scleroses in the proximal ends of the 
femurs which suggested osteopoikilosis (see refer 
ence of Clement and our Fig 8-395) In Thompson » 
panent a girl 10 years of age one teg was affected 
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Thampson N M «( at Sckcodema and melotheosUKu 
Report of a case J Bone & Joint Surg 33 B 430 1951 

Belicuto^tistiocytoma is a rare disease in which the 
skin joints and bones are affected Radio^phlc hnd 
ings include early destrucQon of the ends of (he tubu 
lar bones followed by a slower progressive destruc 
tion of the articular cartilages The bone changes 
simulate those of rheumatoid arthritis psonasis and 
gout The disease appears first in the tubular bones of 
the hands and feet but later the larger joints may 
become involved and go on to permanent cnpphng 
defoiiraues Bone changes have been descnbed In a 
single adult 
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Syndrome of Rocher Sheldon has been found in 
patients as young as 10 years In addition to the two 
most frequent manifestations amyoplasia and stiff 
enmg of the joints one patient had regional losses of 
pigmentation in the skin and hair slate blue inses 
deafness of labyrinthine ongin and multiple bony 
dysplasias in the skull thorax sacrum feet and at all 
of the major jomts 
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Cutxs gyrata with pachyperiostitis was proved ana 
tomically in the patient of Franceschetri a woman 43 
years old The adnexal tissues of the skin the seba 
ceous glands and connective tissue were hypeipf®**!® 
and thickened The long and flat bones showed multi 
pie symmetrical external cortical hyperostoses 
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Osteomalacia due to base losing nephritis is choc 
acterued by generalized hyperpigmentation of the 
skin with regional deficiencies of pigmentation over 
the bony prominences (Talbot) After proper therapy 
such pigment ary changes clear completely 
In pseudohupoparath^roidum subcutaneous cal 
cium plaques may develop in the abdominal walls 
and m some cases be evident at birth 
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Iliac horns (Fong s lesion) — Tbese bony symmetn 
ca] bilateral postenor iliac processes have been found 
alone and m association vnth a variety of symmetri 
cal anomalies of mesodermal and ectodermal origin. 
The cutaneous dysplasia has usually been limited to 
aplasia or hypoplasia of the nails of the thumbs and 
index fingers The nails of the toes are normal In 
some cases the ectodermal element in the mses has 
been widened and darkened (Lester s sign) causing 
an irregularly vndened dark pupillary border In the 
skeleton the patellas and the radial heads are com 
monly hypt^Iastic (Fig 8 641) but many other bones 
at the major joints in the feet and in the skull 
(hyperostosis) have been involved In the pehls m 
addition to the pelvic horns the ilia may be short 
cephalocaudally the sacrum may be bowed and coxa 
valgamayoccurin both femurs 
In one of our patients a boy 20 years of age mde- 
pendent ossification centers were still visible in the 
tips of the horns (Fig 8-842) which Indicates that 
these horns are probably cartilaginous exostoses One 
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Pig 8 843 -Ma9topleoeyiosis(urticanapigmeniosa|(naboy6 
months of age who had been irnlable since b rtn with constant 
crying vomiting and diarrhea. Scattered urticarial pruntic stun 
lesions were teUeved hy eenadryl In several tests, hisumme lev 
els in the blood had been increased The liver and spleen were 
enlarged and the left leg and foot paralysed Diagnosis was 
baaad on biopsy study of one femur A. a'l long bones in the legs 
are widened due to dilatation of the medullary cavities. This has 
caused failure of normal constriction of tne snalii and the nor 


mat conceit contours have been converted to convex bulges by 
hypertrophy ol the marrow dus to hyperplasia of mast cells The 
cortical walls have been abraded from the inside by the same 
causal mechanism The external tags on the femurs ace not satis- 
lactoniy explained D. aim lar but less martied changes in the 
bones of the arm C, compression fractures have flattened L 3 
and I 5 vertebral bod es (Courtesy of Dr Edward B Smglaion 
Houston Texas ) 




of the patients of Hawkins and Smith a girl 14 years 
of age also had secondary ossification centers at the 
tips of the horns 
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Osteopoikilosis and palmar and plantar kerato- 
mas were found associated in two sisters one of 
whom was 14 years of age by Aigner The author 
concluded that the two disorders were related geneti 
cally and structurally 
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Urticaria pigmentosa (mastopleocytosts) is a gen 
exahzed disease which involves bone marrow lymph 
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nodes spleen liver and other organs as well as 
skin Proliferation of mast cells m the bone mai™w 
may cause dilatation of the medullary cavities stid 
internal thinning of the cortical walls of the Jong 
bones with locahzed patches of rarefaction and scle- 
rosis (Fig. 8-643) 
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Familial abserice of the middle phalanges 
(brachymesodactyly) with hypoplasia of the 
(Bass spndrotne) — In four members of a single 
ly Bass found shortening of the fingers and toes with 
absence of the middle phalanges m the lateral 
digits in the hands and feet duplication of the 
phalanges of the thumbs and hypoplasia of the ^ 
gemads of all digits but the thumbs In the pedal t^g 
its the nail of the second toe was absent at bulb. 
the other toenails were normal The cartilages of the 
ear were misshapen m one member of the pedigred 
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The Joints 


Normal Anatomy 

The joints eompnse the tissues which bind together 
and aie Interposed between articulating bones The 
nature of the articular tissues in different Joints var 
ies widely and is dependent principally on the type of 
motion at the joint In temporary joints of little or no 
motion the synarthroses, the articulax tissues gradu 
ally diminish during growth stnd disappear complete 
ly when growth is complete The sutures and /onto 
nels of the cranial vault are synarthroses in which 
the edges of the articulating bones are bound together 
by fibrous tissue The synchondroses are synarthroses 
in which union of the araculacing bones is effected by 
a disk or mass of hyaline cartilage, and they are 
found m the cartilaginous base of the skull, tn the 

Pig 8 B4S -Sehtmstic repfssenist on of tne poneiM* sifue 
tures in a typical joint Tnt synovial mamBrane is the internal lay 
er of the articular capsule it does not extend onto me articular 
camiagas The joint ccvity is amt dally dilated to many limes Its 
normal depth 



mnominate bones and between the pnmary and sec 
ondaiy ossification centers of the tubular bones 
The permanent joints of limited motion are called 
amphiarthrosea or half joints When their articulat 
uig bones are covered by cartilage and the bones are 
also bound together by fibrous tissue we call them 
symphyses The joints between the vertebral bodies 
(see Fig 9-3) and between the bodies of the pubic 
bones are symphyses Syndeamoies are half joints in 
which the aroculating bones are bound together by 
fibrous tissue alone in the form of ligaments, some 
limes ligaments between bones well removed from 
each other such as in the stylohyoid costoclavicular 
and coracoacromial aroculanons 
In the joints of free monon or true joints the dtar 
throtes there is a joint cavity, lined with synovial 
membrane and filled with synovial fluid inteipotPd 
between cartilage-coveKd ^nes which are bound 
together by a fibrous capsule (fig &-&44) In the 
healthy living jomt, the opposing articular cartilages 
are in apposition and all parts of the capsule are 
closely compressed onto the bones and cartilages by 
the surrounding muscles and tendons The synovial 
fluid IS present in only small amounts for lubrication, 
the articular cleft and the articular cavity are poten 
Oaf rather than actual spaces cfunng fife 
The articular cartilage is derived from the epiphys 
eal cartilage During infancy and childhood these 
two structures are directly continuous with each 
other (see Fig 8 61), with increasing age the underly 
uig ^iphyseal cartilage is progressively ossified until 
only the covenng articular cartilage remains when 
growth is completed In compound joints such as the 
knee a cartilaginous disk is interposed between the 
two articular cartilages This disk or meniscus is at 
tached on Its penphery to the joint capsule The free 
surface of the disk is covered with synovial membrane 
in contrast with the amcular cartilages which he 
naked in the joint cavity devoid of synovial covenng 
The joint is enclosed in a connective tissue enve- 
lope the capsule, which rises from the penosteum 
near the ends of the opposing bones The outer layer 
of the articular capsule is a fibrous membrane of vari 
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Fig a 845 -Normai structures lAlhvrght Shoulder font frontal section 


able thickness it may contain one or several local 
thickenings the capsular ligaments Fascial and liga 
mentous thickenings often blend with the capsule 
and reinforce it As a rule the capsule arises from the 
bone near the epiphyseal line and covers all or almost 
all of the epiphysis The importance of the position of 
the capsular attachments m metaphyseal and epi 
pbyseal bone Infections and their extension to the ad 
jacent joint is illustrated in Figures 8-845 and 8 846 
The internal layer of the joint capsule the synovial 
membrane covers all of the free surface of the artic 
ular cavity except the articular cartilages and por 
uons of some of the ultra articular Lgamenis The 
synovium is a delicate sheet made up of flattened 
connective tissue cells on a layer of loose connective 
tissue which form an incomplete endothelium Lke 


lining Interna) projecQons of the synovial mem 
brane-synovial ^Ids or viUi-fluctuate in size and 
position during mouon of the part Wherever the syn 
ovlal mesotheliuiD Is defective the lining of the artic 
ular cavity is made up of tight fibrous tissue The 
subsynovt^ fat pads he external to the synovial 
membrane but intemaJ to the fibrous articular cap- 
sule 

Bursas are fluid filled spaces in the periarticular 
connective tissue which are located at the sites of 
maximal fnctional impact between neighboring 
movable structures The bursal spaces are lined with 
a ceQuIar membrane similar to the synovial covering 
of the articular spaces Bursas are variable in num 
ber they may be mulUlocular and often commumcate 
with one another and also with the jomt space itself 
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The pnneipal anatomic features of some of the 
larger joints and their surrounding soft tissues are 
shown in Figures 8 845 to 8 848 

Normal Roentgen Appearance 

The normal joint is composed entirely of tissues of 
water density and the shadows cast by the different 
articular components are all of a similar density The 
articular shadows are also of the same density as the 
shadows cast by the periarticular tissues For these 
reasons the shadows of the mdmdual components of 
a normal joint cannot be clearly differentiated from 
one another or from the roentgen images of neighbor 
mg muscles fascia, tendons hgaments nerves and 
vessels At the knee joint several large fat pads pro- 
vide a contrast density which permits satisfactory 
visualization of some of the articular soft tissue 
structures especially m lateral projection (Fig 8-849) 
The shadow of water density which fills the space 
between the opposmg bones is cast by the two craiUg 
uous articular cartilages and their underlying uncal 
cified epiphyseal cartilages (Fig 8 850) The depth of 
this mtermediate cartilage shadow vanes inversely 
with the age of the individual (see Fig 8-61) In com 
pound joints the articular disk also contnbutes to the 


interposed cartilage shadow h should be remem 
bered that in the healthy living joint the articular 
cleft and synovial fluid contribute almost nothing to 
the mtermediate cartUage shadow 
Transitori; natural pneumography is due to en 
trance of gases into the joint spaces following a sud 
den mcrease in ultra articular volume and lowering 
of Ultra articular pressure by sudden stresses either 
from endogenous muscular pulls or from external 
traction The gases move from the higher pressures in 
the contiguous tissues to the lower pressure m the 
suddenly expanded joint space, oxygen carbon diox 
ide and mtrogen are present in the same proportions 
in the joint as they are in the cuculatmg blood The 
gas outlines the mtemal surface of the synovial layer 
and the articulatmg surfaces of the articular carti 
lages which are not covered by synovium We have 
encountered natural pneumogiams most frequently 
m infants parQculaily in the shoulders when the 
aims have been suddenly and fully abducted in posi 
tionuig for chest films m frontal projecuon and in the 
hip after sudden abduction of the femur (Figs 8 851 
to 8-853) In one of our patients the gas which accu 
mulated in the knee joints m a natural hypotensive 
pneumoaitbiogram was superimposed on the upper 
edge of the Ubias and simulated fracture lines (Fig 





Diseases of the Joints / 1331 



Fig. 8 851 (lelt).— Natural pneumogram of the shoulder follow 
Ing sudden full abduct on of the arms in pos t on ng for a frontal 
project on of the chest A Simla gas magewasvsbte ntheieft 
shoulder The pat ent was 3 years of age 
Rg 8 8sa (right) -Natural pneumogram of the hp foilowma 


sudden abduct on and external rotat on n pos t on ng for a fron 
tal project on of the h ps In a f Im of the h ps made a few m nutes 
before wtti the femurs tn adduct on the e was no evidence of 
gas n the ti ps Tli s pat ent was 2 years of age 


8 854} Th« presence of even substantial amounts of 
gas in these cucumstances should be recogiuied as » 
normal phenomenon After natural pneumography 
the gas IS rapidly replaced by fluid even if the stress 
and traction on the joint are maintained replacement 
is complete aJPter 10 minutes according to Nordheim 
We have also seen gas accumulate spontaneously m 
the articular spaces of the wrists and in the dianhro- 
ses of the spine 
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Diseases ot the Joints 

The roentgen examination of abnormal joints is not 
as productive of valuable diagnostic information as m 

F g 8 853 B lateral natural pneumograms ot tne ti ps of a 
normal ntant 12 months ot age The rad olucen! sir ps (arrowy 
represent mraartcular gas between the cart agrrous edge w 
the acetabulum and the ep physeal cart lageof the lemo al head 



many other organs of the body owing to the proper 
tionately pooler visuabzation of much of the articular 
structure Notwithstanding this general truth impor 
tant informauon about disease of the joints can ohen 
be gained by the careful study of good Aims which are 
placed before a strong light to bring out more detail ui 
the soft tissues The location and extent of articular 
lesions can often be identified and their involution 
under treatment followed to advantage Films are 
nearly always essenual in the study of articular dis- 
ease for the idenQfication and exclusion of associated 
changes in the bones The exact cause of articular 
changes usually cannot be deduced conclusively from 
roentgen findings 

F»a 8 854 -Transvsrse str ps of gas natural hypotens ve 
pneumoarthrog am superimposed on the edge o1 the J b a wh ch 
s mulate fractu e I nes n the knee jo nt of an asymptomat c g rl 8 
yea s ot age 
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Congenital Malformations 

Most of the congenital articular Tnalforrnations are 
associated with the congenital errors in segmentation 
of the skeleton which have already been described 
(see Fig 8 271) Complete absence of a lomt results 
from local failure of segmentation of the fetal carDlag 
uious skeleton or fusion following segmentation 
Congenital dislocations and subluxations are some' 
times due primarily to congemtal defects In the artic 
ulai cartilages and articular capsule, congenital 
anterior dislocation of the head of the radius is the 
most common of these anomahes Absence of the 
cruciate hgaments of the knee has been found in pa 
tients vnth congemtal subluxation of the tibia Con 
gemtal dislocation of the hip has been described (see 
Figs 5-35 and 5 36) The entire shoulder joint is dis 
placed cephalad in Sprengel s deformity (see Fig 2- 
54) 

Congenital lateral dislocation of the patella should 
be suspected when a persistent flexion contracture at 
the knee is present in the early months of bfe Flenon 
contraction is not always present but there is almost 
always a loss of active extension. Early radiographic 
diagnosis is uncertain because the ossification center 
for the patella does not appear until the 3rd year llie 
patella is palpable when the knee is extended and is 
felt m lateral position when displaced Arthrogryposis 
and other neuromuscular disorders should always be 
excluded After the 4th year radiographs show the 
patella displaced laterad The displaced patella is 
unusually small The lesion is sometimes familial 
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Discoid cartilage of the knee is a thickening of all 
or a part of the memscus (Fig 8-855) which produces 
a snapping or loud chcking sound when the knee is 
flexed and extended Usually there is no pain or him 
tation of motion Kaplan concluded after careful 
dissections that the memscus becomes thickened 
afterbirth owing to defective attachments posteriorly 
to the tibial plateau and a contmuous memscofemor 
al ligament which fastens the posterior horn of the 
meniscus to the medial condyle of the femur These 
abnormal attachments m turn cause excessive move 
ment of the memscus during motion at the knee In 
standard radiographs of the knee, discoid memscus is 
invisible Pneumograms of the knee should demon 
strate the cartilagmous thickenmg and pneumo- 
grams combined with planigraphy should iheoieti 
cally. demonstrate this lesion in exact detail 
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Traumatic Changes 
Detailed descriptions of the findings in dislocations 
and subluxauons of the joints are available m surgi 


Fig e 8S5 -Postenor aspect Of nght Knee witti sdscoidiater moral ligament of Wnsberg The posterior attachments ol the 
al meniscus which is thickened and displaced mediad and las- tn ckened lateral men seus to the opposite i biai plateau era lack 
lened to the mad al condyle ol the femur by a short memseofe- <ng The medial meniscus is normal (Redrawn Irom Kaplan ] 

KNEE EXTENDED 




Fl9 B-eS6 — Lac«ra\on o1 qua^f c«ps tenqpn ahown ty 
tfafarmat on of tho soft t sauo shaoowa ant«r or to the knt« The 
shadow oi tha quadr caps tendon s ob te aied n soft i ssua 
swell ns above tha pate’la Aswan fragment of the patada sds 
placed caphalad The relaied patellar I gameni s wavy (From 
tew S.I 

cal texts At the knee and ankle laceraaons of ten 
dons and defocouaes of the soft tissues caused by 
injury can sometunes be clearly demonstrated roent 
genographically (Fig S-856) Serous and purulent 
arthritis and bursitis hemanhrosia and regional ex 
tracapsular heirtatomas and cellulitis may aU follow 
injuries to the joints These traumatic swellings have 
the same roentgen appearances as the inhammatoiy 
sweTlmgs m iidectiaus arthritis which axe described 
in the following paragraphs Traumatic opaque fixed 
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and loose bodies in the joints are almost nonexistent 
during infancy and childhood 
Stentstroem found pneumograms of the knee valu 
able in identifying and localizing meniscal tears m 
the knees These are rare dunng the first decade Ar 
thiugraphy also made possible the demonstration ot 
the cartilage laceration in osteochondrosis dissecans 
which may be important in treatment The extent of 
synovi^ changes in arthntis could be estimated from 
the irregularities on the capsular edge 
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Infectious Arthritis 

Acute iTattsUory synovitis of the hip is an entity m 
Itself in which the inflammatory reaction is in (he 
synovial layer only of all of the Ultra articular struc 
hires The joint capsule becomes distended and filled 
with excessive synovial fluid This lesion is not so 
important of itself because spontaneous compl^tb 
regression usually occurs within a few days It ts 
important m radiologic diagnosis owing to the di^ 
culties with which it can be differentiated from mt’re 
senous lesions such as tuberculosis purulent aitb^ 
us osieomyelius and early coxa plana. It Is beheV^d 
that in most instances the reaction in the hip is due to 
local toxic effect or allergic effect rather than actiiRl 
infection of the synovium Children younger than 10 
years are commonly affected The principal cIuu^aI 
manifestations are local pain and limp pain may also 
develop ui the ipsilateral knee Movement at the hfp 
IS limited m all directions because all of the musculo 
groups controUmg the hip are spastic The patient fs 
most comfortable with the thigh m flexion and addi'C 
non extension is particularly painful Fever vanes 
from 99 to ICO T "Laboratory studies rarefy disclose 
evidence of positive diagnostic value Radiologi'^ 


Fig 8 857 — Schemat c drawing show ng edema of the 
muscles on the nght s de wh ch Is character st c of 
trans lory synov t s of the h p The obturator iniernus 
I opsdas and gluteus m n mus are svvollen and the 
rad olucent str ps between them a e d splaeed and partially 
obi teraled The bones are norma (Red awn from O ey ) 



Ileopsocs 
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examination shows no changes m the bones, and 1 
have never seen ividening of the articular space 
There is usually an increase m the volume and dens] 
ty of the soft tissues at the hip Drey claimed that he 
could detect specific swellings of the internal obtura 
tor, gluteus minimus and iliopsoas muscles with loss 
of the normal radiolucent fat strips between them 
which he attributed to edema of the muscles (Fig 8- 
857) His illustrations support his claims, and films 
should be made for good soft tissue detail in the ra 
dialogic study of this important lesion Drey believes 
his findings are pathognomomc of acute synovitis It 
Is possible that some of Drey’s patients suffered from 
regional myositis rather than synovitis (see Fig 8-18, 
this patient had clinical signs characteristic of syno- 
vitis for several months) 

Spock, on the other hand in a study of 47 cases 
found radiography valuable only m the exclusion of 
conditions other than acute synovitis None of his pa 
dents exhibited signs of disease in the neighboring 
bones, and this we agree is the major contribution of 
the radiographic examinanon Often asymmetries of 
the images of the soft tissues at the hips, unrelated to 
synovitis, are attnbuted to it These asymmetries are 
often due to the natural largeness of muscles on one 
side, to projection of the pelvis in slightly obb^ue po- 
sitions and to the shifQng of weight to one side of the 
pelvis-to one of the buttocks by the padent 
Neuhauser and Wittenborg estimated that in acute 
synovitis, radiographic signs are diagnostic in one 
third of cases suggestive of the lesion m one third of 
cases and normal in one third 
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Foreign body arthritis is usually easily identified 
by the presence of a puncture wound or of an opaque 
image in the joint when the foreign body is roetalbc, 
as most of them are The possibibty that a nonopaque 
foreign body is a cause of chronic anhntis should 
always be considered because the perforating wounds 
may heal quickly and leave bttle or no scar Pro- 
longed swelling of a joint with indifferent response to 
antibioucs warrants surgical exploration in many 
cases Karshner and Hanafee pointed out the impor 
tanee of palm thorns as the cause of obscure articular 
effusions in children who five m tropical and tobtrop 
ical regions Some nonopaque foreign bodies might be 
demonstrated pnor to surgical exploration by contrast 
arthrography 
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Acute purulerit hematogenous inflammations of 
the joints are much more common during infancy 
and childhood than durmg later life This higher inci 
dence m the early years is attnbuted to the greater 
flow of blood to the jomts during the most active 
stages of growth Purulent arthnas usually develops 
as a metastanc comphcaaon of bacteremias due to 
upper respiratory infections pyoderma and purulent 
omphabtis in the newborn At all ages there is a great 
diversity of infecting bactena Dunng the first two 
years of life. Hemophilus influenzae Is the predonu 
nant single causal agent after age 6 months and 
coagulase posiave staphylococci before age 6 months 
At all ages, staphylococci predominate m the hip and 
H influenzae In the ankle However, at all ages a 
wide vanety of bacteria mvade the jomts of children. 
The radiologist, of course, cannot identify the infect 
ing organism 

The infecting organisms may invade the jomt from 
the blood stream or by contiguous extension from 
hematogenous pyogenic foci in the neighbonng bones 
(see Fig 8-646, p 1192) The adjacent bones may, on 
the other hand, be infected secondarily by extension 
from the pumlent joint In our experience, associated 
bone changes are common m all types of purulent 
anhnos in infants and children especially in infants 
The bone mvolvement may not become evident roent 
genographically unnl many days and weeks after the 
arthritis is manifest clinically The common local 
sites of origin of purulent infections of the hip jomi 
are Ulusirated in Figute 8-858 Pathologic disloca 


ng S SSI -Possible primary sites ot ortgm from which inlee 
t on may eiiand seconOaniy into the hip joint The In tial focus 
may be m the femoral ep phys s (A) in the synovium itself |S1 in 
the femoral metaphysis (C) or in the innom nate bone on the 
margins of the acetabular cavity (0) In tome eases the h p foinf 
may be Infected by eitens'on from more fhen one of these nergh- 
bonng pnmary foci 
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FI 3 . B 8S9 —Character St c changes n the soft issues o> the 
knee jO nt in purulent arihni s The nlrspatei ar fat pad s en* 
eroached on from beh nd and Oatlened dorscventraliy by the d s 
tended art cular capsule The patella and the tendon of the quad 
nceps femor a are d splaeed ventrad ow ng to d stent on of the 
underlying art cular capsule end suprapatellar bursa The soh 
t ssue shadows beneath (he quadr ceps tendon ere th ckened for 
the same reasons The popi teal space is ( I ed w th the swollen 
poplleal bursas Compare these abnormal tndngs with the 
St uctures n the normal knee (F gs 6 847 B and 8 849) 

Cons at the tup are conunon in infants who suffer 
from purulent anhntis of the hip Arthntis may be a 
rare complicatloR of salmonella bacteremia especial 
ly during the first years of Ufe and in some cases may 
resemble the onset of rheumatic arthntis Although 
salmonella osteitis is frequently associated with sic 
kle cell anemia in infants and younger children ar 
thntis rarely accompames this osteins (David and 
Block) 

As in other tissues inflammation in the joints is 
characterized by congestion edema and leukocytic 
infiltration The capsular and pericapsular tissues are 
thickened and synovia] exudate accumulates in the 
jomt cavity and distends the capsule Extreme disten 
non of the capsule may permit patholo^ subtuxa 
uon, especially in the hips and shoulders If the bur 
sas communicate with the affected jomt they under 
go analogous infiammatory changes The increase in 
jomt fluid and the thickenmg of the articular and per 
larticular tissues produce a regional swelling of water 
density m the roentgenogram (Fig 8-859) Owing to 
the fusion of contiguous shadoivs of equal density 
cast by the synovial exudate by the thickened articu 
lar capsule and by the swollen penarticular tissues 
one usually cannot satisfactorily diiferenuaie the 
Ultra articular the capsular and the extra articular 
components of the arthritic reaction Serous fibri 


nous hemorrhagic purulent and fibrous arthntic 
exudates singly or in any combination cast similar 
roentgen shadows 

At the knee the patella is displaced away from the 
femur as the joint becomes distended with synovial 
fluid (Fig 8-859) The suprapatellar bursa often be 
comes distended at the same time because it often 
commumcates with the articular canty Clouding of 
the normally radiolucent tnangle in front of the 
Achilles tendon usually is indicative of increased 
synovial fluid in the ankle joint Large high tension 
arbcutax effusions may spread apart the opposing 
ends of the bones and mcrease the depth of the soft 
tissue shadow interposed between them At the shoul 
der and hip pathologic subluxaQons may develop in 
severe cases at the knee on the other hand spread 
ingof the bones is uncommon except in long standing 
cases in which destruction of bgaments and destnic 
tion of the articular capsule also plays a causal role 

The articular cartilages may not be significantly 
affected or may undergo rapid destruction Phemister 
demonstrated that proteolytic enzymes are hberated 
by the leukocytes of purulent aithnhc exudates and 
that the amount of destrucDon of the arucular cam 
lages IS daectly proportional to the length of exposure 
of the cartilage to this enzymatic solvent action Pres 
sure and fricaon further accelerate the destruction 
Destruction of the amcular cartilages is measured 
roemgenographically by a diminution in width of the 
shadow interposed between the ends of the opposing 
bones (Fig 8 860) The infecuon may extend entirely 
through the amcular camtage and produce destruc 

F<g 8 860 -Trsumat c artUnt s of the left h p |o ni in a pat eni 
lO yea s ot age siiow ng destrucl on of the art cular cart ages 
and narrow ng of trie cartilage space The underly ng bone is 
also pan a ly destroyed 
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live inflammatory foci on the juxta articular maigm 
of the underlying bone These areas of destructive 
osteitis appear as definite patches of rarefaction on 
the edges of the adjacent epiphyseal ossification cen 
ters 

During healing the jntra articular exudate may be 
completely resorbed In other cases the exudate per 
sists and becomes organized mto a fibrous mass 
which replaces the destroyed articular cartilages and 
causes fibrous ankylosis Fibrous tissue shadows 
show water density and caimot be differentiated from 
those of other soft tissues roentgenographically In 
some cases heahng is followed by a bony bndgmg 
between the opposing bones and the cartilagmous 
space IS obliterated by opaque shadows of bone densi 
ty and texture 
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Bursitis 

The inflammatory changes in the bursas are analo- 
gous to those in the joints bursitis and arthritis are 
often associated but may develop independently of 
each other The inflamed swollen bursas cast local 
shadows of water density which can be recognized 
roentgenographically as soft tissue tumors but which 


Fig S 681 Pod teal (Baker s) cyst In a pat ent S years of age 
A la ge rounded soft t ssue mass f iis the pop) taal space Draw 
ng of a roentgeneg am 




Fig 8 662 —Swell ng of the bu sa in prepate a bu s I s in a 
g rt9yea sof age 

cannot be satisfactorily differentiated from other soft 
tissue swellings such as hematomas cellulitis lym 
phangiomas hemangiomas and ganglions Prior to 
adolescence calcification of long standmg traumatic 
bursal exudates is extremely rare 

At the kjiee joint popbteal cysts (Bakers cysts) 
sometimes form owing to the accumulation of fluid 
within the popliteal bursas they commonly commu 
nicate with the synovial space of the knee joint In 
some cases the popbteal cyst is caused by actual her 
niation of the articular synovial membrane postenor 
ly through the articular capsule and the accumula 
non of fluid within the synovial hermal sac There is 
considerable evidence that the accumulation of fluid 
is due to the mechanical closure of the channels be- 
tween the knee joint and the bursas or the herniated 
synovial sac by muscular pressure dunng movement 
Inflammation may also be a causal factor Roentgen 
ographically Baker s cyst appears as a well-defined, 
rounded soft ussue tumor of variable size in the poph 
teal space <Fig 8 861) Air bubbles have been demon 
strated in popliteal cysts after injection of air into the 
cavity of the knee joint 

In contrast the soft tissues in front of the patella 
are swollen In the case of prepatellar burslns (Fig 
8-662) or belter traumatic prepatellar hemotrhagic 
bursosis 
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Tuberculosis of Joints 

The mode of transmission of tubercle bacilli to 
joints is similar to that of pyogemc bacteria. The syno- 



vium may be infected directly by implantation from 
the blood stream or secondarily by extension bom a 
hematogenous tuberculous focus in an adjacent bone 
The converse is also true, tubercle bacilli may spread 
from the hematogenous focus in the joint to the un 
detlyuig bone In some joints, transmission of uifec* 
non m both directions— to the joint from the bone and 
from the jomt to the bone— may take place The pro- 
portionate frequency of these two types of spread m 
tuberculous arthritis Is not knotvn 
The roentgen appearance of the soft tissue swellmg 
is identical in tuberculous and nontuberculous aithn 
tis The associated primary faematogenous lesions in 
the ends of adjacent bones are similar macroscopical 
ly in tuberculous and purulent arthritis and they cast 
similar roentgen shadows (see Figs 8 660 and 8-661) 
For these reasons tuberculous and pyogenic arthritis 
denved secondarily from adjacent bone cannot be 
satisfactorily differentiated roentgenographically 
Phenuster and Hatcher stated that the hematogenous 
tuberculous bone foci associated with tuberculous 
arthritis cannot be differentiated from the artbrogen 
1C tuberculous bone foci m some cases "even m the 
pathological exanunaUon of the resected joint ” 

In direct primary synovial tuberculosis Phenuster 
and Hatcher observed that in jomts in which the op- 
posing articular cartilages fit accurately, the tubercu 
lous granulation tissue first destroys the articular car 
tilages on the periphery where there are bttle or no 
contact and pressure In jomcs Uke the knee, in which 
the opposing cartilages do not fit mco each other accu 
tately, the noncontact surfaces are not all located on 
the periphery and the tuberculous granulations erode 
the noncontact areas wherever they may be, in the 
center or on the margins The destrucaon of arucular 
cartilage by granulation tissue is charactensQcalJy 
slow in tuberculosis, even detached cartilage persists 
for a long tune owing to the lack of proteolytic en 
zymes in the tuberculous exudate For these reasons, 
the cartilage space between riie opposing ends of the 
bones is well preserved for long periods in tubeicu 
lous arthritis Heduction in the depth or disappear 
ance of the cartilage space is characteristically rare 
and lote m tuberculous arthritis in contrast with 
early narroivtng of the cartilage space in purulent 
arthritis 

The destruction of bone follows the destruction of 
the overlying articular cartilage and begms in the 
same peripheral and noncontact areas, the subcbon 
dial bone is, hke the articular cartilage, well iwe 
served m the contact regions iVhen this noncontact 
margmal pattern of bone destruction can be demon 
strated roentgenographically, the probability of tuber 
culous arthnds is increased Such findings, however, 
are not pathognomonic of tuberculosis because the 
noncontact pattern of bone destruction may abo be 
present in nontuberculous arthnbs The noncontact 
pattern of bone destruction ts limited to cases tn 
which the tuberculous in/ection spreads from the 
joint to the bone it is not found tn cases tn which 
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the tnfeetton is primary tn the metaphyses or epi 
physes and then extends to the joint Phenuster aOd 
Matcher found that when both of the opposmg ends of 
the bones exhibit destructive foci in tuberculous ar- 
thritis, these foci are usually directly opposite each 
other The value of this sign has been limited in c>ut 
experience because bone destruction on both sides cf 
tuberculous joints has been uncommon in mfaiits 
and younger children 

In (he late stages of tuberculous arthntis the entire 
articular cartilages are destroyed and extensive areas 
of subchondral bone erosion appear m both contact 
and noncontact areas 

There are no pathognomonic roentgen findings m 
tuberculous arthntis— in the capsule, in the articular 
cartilages or In the adjacent bones, m any stage of the 
disease A conclusive diagnosis can be made only by 
microscopic examination of the tissues or by the 
demonstration of tubercle bacilli m the synovial exu 
date A negaove reaction to the tuberculin skm tept. 
with few excepbons, excludes tuberculosis complete 
ly A positive reaction demonstrates that the patieht 
has been infected wtb tubercle bacilli, but it does not 
prove conclusively that a morbid joint m a tuberculin 
positive child is necessarily a tuberculous joint 
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Rheumatic Fever 
Roentgen examination of the joints provides httJ® 
of positive value m the diagnosis of rheumauc polya' 
dranns The legionaS soli tissue swe^bngs oS the af- 
fected joint appear roentgenographically as swcUmji® 
of waterdensity, the bones show no abnoimaliUes A^ 
the attack subsides the articular and penarbcul^ 
swellings disappear, the joints are usually restored to 
normal roentgenographically and funcbonally It 
said that fibrous and even bony ankylosis of the joini^ 
may be a sequel of rheumatic anbnbs in severe case^ 
in older children and adults, but even this must b^ 
distinctly rare Leukopemc leukemia with ostealgi^ 
may simulate ibeumatic fever and rheumatic arthri 
us climcally and hematologically for long penod$ 
before charactensuc leukemic changes appear in the 
blood In such circumstances roentgen exarmnaboO 
of the skeleton may reveal leukemic bone change* 
(see Figs 8-802 and 8-803) and facilitate earber diag 
nosis of leukemia. 

Leukemic Arthritis 
Bone and so-called joint pain are common m the leu- 
kopenic leukemia of infants and younger children Ac- 



1338 / SECTION 8 The Extremities 


tual radiologic and clinical evidence of articular in 
volvement In leukemia is all but unknown In the pa 
tient of Bedwell and Dawson, an older child with 
myeloid leukemia, there were swelbng and redness 
and increased local heat at the interphalangeal joints 
wnsts, elbows shoulders, knees and ankles Radioing 
1C examination showed no evidence of leukemia m 
the contiguous bones At necropsy, the synovial 
membranes of the left knee and right elbow showed 
marked edema with petechial hemorrhages and ex 
tensive mfiltration with leukemic cells There was 
also cortical thickemng m the right femur 
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Osteoarthritis 
(Hypertrophic Arthritis) 

This is a degenerative disease of the articular caiti 
lages and the bones which appears to result from pro- 
longed use and recuirent mild trauma Osteoarthritis 
IS common m middle aged and elderly persons but 
does not occur in children 

Rheumatoid Arthritis 
This although by no means common is by far the 
most important chiomc disease of the joints in chil 
dren The articular lesions, subacute and chronic poly 
arthritis, represent but one of the assue mjunes of a 


generalized and scattered milammatian which is 
more properly called rheumatoid disease or the rbeu 
matoid state In children, when polyarthntis is com 
bined with enlargement of the spleen and lymph 
nodes, and sometimes adhesive pencarditis the syn 
drome is called Still s disease The conspicuous fea 
ture of Felly’s syndrome in adults is leukopenia and 
hepatomegaly as well as polyarthntis Widely distnb- 
uted cutaneous eruptions develop in some children 
dunng the course of polyarthntis, and the eruption 
may persist for months after the polyarthntis has dis 
appeared 

In most children the first cbmeal manifestations 
appear dunng the 3rd to 5th year Transitory pain, 
swelbng and stiffness of one joint, usually the knee, 
first make their appearance We have seen 2 cases in 
which stiffness of the neck due to rheumatoid arthn 
tis of the cervical spme (see Figs 9-69 to 9 71) was 
present for several weeks before one knee became 
swollen The cervical spme may be affected for 
months before radiographic changes become visible 
In Schlesinger's study of 100 patients, the cervical 
spme was frequently affected, and m three cases was 
the sue of initial involvement Crippling deformitfes 
and ankyloses develop as the disease progresses and 
the joint cartilages are destroyed and the jomt cap- 
sule and regional muscles and tendons contract 
Complete remissions, however, may occur m younger 
chJdren even after the disease has been established 
in several joints 

The morbid structural changes, which determine 
the radiographic changes, are basically subacute and 
chroiuc inflammation of the articular and penarticu 


Pig. B 863 -Qross progress vs structural enartges responsible 
for the rad ographic findings in rheumaloid arthrtis The synovial 
layer is drawn in heavy black In the normal the synovium stops 
at the edges of (he art cuter cart lages which are uncovered and 
exposed directly to the synovial fluid and lo the opposing affleu 
tar cartilage In (he early exudative end proliferetive stage the 
synovial layer is thickened and the articular space laterally and 
med ally beyond the art cular cartilages is d lated but the space 
between (he cartilages themselves is not deepened The syno 
vium IS beginn ng lo grow over the articular cartilages lioni the r 
edges and abrade the can lage edge on which they grow Deep 
■n the t bial oss fication center and unrelated to the overgrowth 
of synovium a patcfi of necrosis (arrow) has appeared which 



represents overgrowth of mesenchymal elements in the marrow 
At th s time red ographic findings include regional swelling of 
soft parts and begmn ng rarsfact on of bones with dsstruction In 
the tibial epiphyseal center In the destructive phase the edges 
of the articular cartilages (arrows) are deeply abraded with be- 
ginn ng destruction of subchondral bone and extension of the 
marrow overgrowth In the tibial center through the bone end car 
lilageinlothe joint space (arrow) In the obtiteraiiva phase most 
pi the articular cartilages have d sappeared and there is juncton 
by bony union Hypertrophic synovium still grows on the side 
walls (arrows) of the condyles and is growing into these walls 
and destroying them 



DESTRUCTIVE 



OBLITERATIVE 



lai tissues followed by progressive overgto vth of the 
synovium (pannus formation) which leads eventually 
to destruction of the underlying cartilage and then 
the bone underlying the cartilage when the penetra 
non of pannus is suffic ently deep The redundant 
overgrown synovium and the secondary effects on 
bone and cartilage are shown schematically in F gure 
8-863 The connective tissue in the intraosseous 

Fig 8 864 Early meuma o d arth s n he 4 h I nge wh cO 
began c n ca y du ng the 4 h mon h of fe A a 20 mon hs me 
soft t ssues overly ng the basa and m dd e phalanges a e awo 
en w th a fus fo m exie ha con ou and these wo pha anges 
a e swo en exte na y by exte na th cken ng of he cort ca 
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medullary cavities contiguous to the arthnt s also 
hypertrophies and this is responsible m part for (he 
early severe terminal rarefaction of the shafts seen in 
radiograms The articular capsule also participates m 
the uiflammatory reaction t becomes vasculanz^ti 
fibrosed and redundant in the same fashion as (he 
synovium These capsular changes in association 
with regional fibrosis of regional muscles are rcsp<tn 

wa s 8 at 30 mon hs he sof t ssues a e mo e swo en as a e 
(hephaanges ex e na cortca h cken ng has now begun nttie 
d sta end of the 4 h metatarsa C swe ng of the 4 h ( nge ^od 
n the hand at (he d s a end of the 4 h meta a sa a 30 non fs 
(Couftesyo O Sgu dEek Rkshospitae Oso Norway) 
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sible for the late contractures In some cases there are 
sufficient focal necroses in the muscles to produce 
focal calcifications near the affected joints When 
extensive destruction of cartilage has occurred, 
fibrous and then bony adhesions develop between the 
ends of opposing bones m rigid permanent bony anky 
losis from which there is no recovery 
Radiographic findmgs depend on the stage of the 
disease in which the patient is examined Ihinng the 
first weeks of the clinical mamfestations, sweDings of 
the articular and periarticular tissues are visible A 
single jomt may be affected first before polyarthritis 
develops When rheumatoid arthritis appears m the 
joints of the fingers dunng the early years of life, 
diffuse soft tissue swelling of one finger and hypertro- 
phy of the underlymg phalanges may be the only find 
ings for several months (Fig 8-864) Regional rare 
faction of the bones opposmg at the affected joints, 
out of all propoition to the disuse, is a common early 
sign Intense local hypereima and local overgrowth 
of the connective tissue m the underlying medullary 
cavities are bebeved to produce this disproportionate 
rarefaction After a few months in younger children 
and before there is any destruction of cartilage, the 
local epiphyseal ossification centers enlarge and be 
gin to differentiate too soon, this accelerated matura 


turn of round bones epiphyseal centers and sesa 
molds (Fig 8 865) is also due to hyperemia Another 
early change which has not been adequately empha 
sized, and which disappears early m the disease is 
the cortical thickening of the tubular bones near af 
fected joints (Fig 8-866), these changes are best de- 
veloped m the tubular bones of the hands and are 
probably caused by an actual rheumatoid penostitis 
which lifts the bone forming layers of the penosteum 
off the external edge of the cortex 
Dunng later phases the synovium thickens and 
grows over the face of the articular cartilages, then 
grows into the cartilages and then into the underlying 
bones to produce narrowmg of the cartilage spaces 
and marginal irregular defects m the bones them 
selves (Figs 8 667 to 8 871) At this time, the shafts 
have usually overconstncted to become slender tubes 
with narrow medullary cavities and flanng ends At 
the elbows, we have seen substantial subchondral 
bone necrosis with the articular cartilages showed Lt 
tie evidence of destruction (Fig 8 872) The focal 
necroses in the muscles near the joints sometimes 
calcify in sufficient size and degree to become visible 
radiographically (Fig 8-873) The late residual short 
emngs of the fingers of rheumatoid arthritis may simu 
late congenital hypoplasias (Fig 8-874) The cervical 


Pig 8 8E7 -Rheumatoid arthritis in a g rl 6 years ol age K* interpla'angeat jomts The most striking change is the loss of 

waeki after onset of vague pains when the radiograph c findings spaces between the carpal bones owing to destruction of the ar 

are normal 0, 15 months later when all of me bony tissues are ocular can lages of the inisrearpal joints and the carpal radial 

rartlied and the tubular bones are overconstncted The taner is lomi as well The same loss of cartilage is ev dent et the cirpo- 

best eeen In the flares at the ends of the radius and ulna with metacarpal to nis Subchondral bone necrosis la beg nn ng but is 

marked constriction just prosimal to the flares An of the t ngers not clearly evident 

show fusiform swell ng owing to the swelling of soft parts at the 
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Ftg 8 868 —Subchoriilral n«cros)S o1 bone m tbeumatox) a> 
Ihritis In A, in the upper part before onset of rheumatoid arthn 
tia the find ngs are normal m the lower parr i6 months later 
and after onset of rheumatoid arinrtis much marginal bone rs 
lost on the nonwe ght bearing edges (lateral edges arrows) m 



who had had rheumaloid arthntis for 7 years there la marKed 
loss of subchondral bone on the seetabular edge and the supe* 
r or edge of the femoral ossil cation center Also bona is being 
destroyed in the femoral metaphysis (arrows) 


fig 8<889 -Late deetructne phases of rheumatoid annul s ot 
the hands A, m a boy 6 years of age generalized loss of the m 
tercarpal cart iages which perm ts crowd ng together of the car 
pal bones all of which are raref ed with sderot c edges and mar 
ginal defects due to subchondral bone rtecross Tne laiier is 
most conspicuous m the radial ossifieat on center (arrow) Inter 
phalangeal swell ng of the periarticular and an cuiar tissues have 
produced fusiform swelling of the 2nd and 3rd dig ts The basal 


phalanges ©t these two digits are anlargad from cortical thicken 
mgs wh ch are completely fused w th the shafts during this rela 
I vely late stage B, 3 /!> years after A almost total desiruct on of 
amcuiar cartilages has bean followed by bony ankyloa a of the 
carpal bones into a single bony mass and wiih me metacarpal 
and carpal bones Tha deep subchondral delects m the radial 
OSS ficatioh CMter are now clearly v s ble 




1344 / 


SECTION 8 The Extremities 



Fig 6 871 - Severe rheumeio d arth t s ol tne left wr s( ol a 
Q rllS years of age w ih extens ve destruct wi and ankyioss ol 
carpometaearpal jo nts 2 5 Tne d stal end of the rad ai shaft s 
deformed by a central narrow tr angular depress on mo wh cri 
the prox mal edge ol the enlarged ep physeal oss I cat on center 
has g own The ends ol the rad us and ulna ere tpped toward 
each othe ow ng to slowed long tud nal growth n the medal 
segment of tne rad ai cart lage plate and tne lateral segment ol 
the ulnar cart age plate 



spine may be the first part affected and the late ladi 
ographic findings resemble congenital failures of 
segmentation (see Figs 9 69 and 9-70) Rheumatoid 
involvement of the temporomandibular joints often 
leads to severe hypoplasia and atrophy of the man 
dibie 

Cassidy and colleagues observed rheumatoid arthn 
os that presented clinically as a disease in a smgle 
joint and remained monoarticular during the first 
four months of the illness in about 30% of their 40 
patients In 9 panents the disease remained monoarti 
cular in 21 the disease affected from two to four 
joints within the next four months to nine years and 
in 10 it also became polyarticular Bone erosion was a 
late radiographic manifestation Uveitis was unex 
peciedly frequent developing in 6 of the 40 paUents 

In a review of juvenile rheumatoid arthnus Cala 
bro and Marchesano pointed to excellent functional 
recovery in four of five juvenile patients within 10 
years of onset They concluded that laboratory and 
radiographic studies are of limited diagnostic value 
because they lack specificity and vary greatly during 
different phases of the disease In their patients clas- 
sic articular disease usually lasted more than 12 weeks 
in rheumatoid arthritis and less than 12 weeks in 
rheumatic fever The radiologist should keep in mind 
that fever and pain m the joints may develop weeks 
months and years before signtfleant structural 
changes are apparent ui the joints 

Schlesmger and colleagues described a girl 6 year* 
of age who suffered from rheumatoid arthritis and 
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Fig 8 872.-Uarge subchondral defects in the lUKfa art cular edges Of the olecranon processes (arrows) In a 
girl w th chron c rheumalo d arthrit s of the elbow 


had laig« subcutan«ous nodules in the scalp In the 
underlying calvana there were patches of dmuxushed 
density After the administration of corticosteroids 
the nodules as well as the radiolucent patches disap- 
peared 

Seaman and Wells found destructive lesions in the 
spine u 11 of 100 patients with rheumatoid arthnus 
theur ages were not given The outer ends of the clavi 
cles were parually resotbed in 11 paoents studied by 
Alpert and Meyers 

The great variety of rheumatoid lesions in bone 
their dismbution and their effects on bone growth 
were descnbed and illustrated in detail by Martei and 
colleagues especially the partial destruction and 

Fig 8 873 -Rheumato d arthrit s of both h ps with tuxia an c 
utar calc t catvw «\ the sett t ssues at the ti.gM h p tarwcs\ a 
boy 9 h years The coxa valga is noteworthy this lesion is com 
mon in rheumato d anhr t s of the pelvis and legs and is probably 



shaipenings of the metacaipals in association with 
mulQple carpal necrosis 
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Fig 8 874 —Shorten ng deform tes of the fngers in adults 
secondary to the deswuct ve iheumaioid arthr t s oi th Idhooti 
(Redrawn tram Coss and Boots ) 
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Seaman W B and Wells J Destructive lesions of the verte 
bral bodies m rheumatoid disease Am J Roentgenol 86 
241 1961 

Alkaptonurtc arthritis develops m association with 
urinary excretion of homogentisic acid and ochrono- 
sis of certain tissues especially cartilage This syn 
drome is apparently an inborn error of metabolism 
which is present at birth and continues until death It 
should be suspected dunng infancy and childhood 
from blackish discoloration of the diapers and cloth 
mg Homogentisic acid is an mtermediate product in 
the metabohsm of tyrosme and phenylalanine and 
IS the result of incomplete oxidation of these ammo 
acids 

Ochronosis and arthritis are rare before the thud 
and fourth decades of life Umber and Buerger how 
ever reported severe arthritis m four of eight alkap 
tonunc children whose father had alkaptonuria The 
arthritis foUows metabohc injury to the articular car 
tdages which become bnUle and degenerate Black 
ened cartilage fragments may become embedded in 
the underlymg marrow spaces where they stimulate a 
fibrous reaction with destruction of the neighboimg 
spongiosa. The prmcipal radiologic findmgs are nar 
rowing of the cartilage spaces and severe rarefaction 
of the bones In adults the spine u usually aJTected 
conspicuously with generalized narrowing of Che in 
tervertebial spaces and massive calcification of the 
intervertebral disks 
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Fig 8 875 -Tumoral ca e nos s A, lobulaied mass ol ca c um 
dens ty beh nd the e Dow of a black boy 4 yea s or age B lobu 
lated mass of ca c um dens ty below the r ght h p and around the 


Calcification of Cartilage and Joints 

Painful jomts associated vnth calcification of the 
articular cartilages have been described m several 
adults Lime is laid down m a thin plate on the joint 
side of the articular cartilage with a radiolucent zone 
between it and the underlymg bone This mterestmg 
condition has not been reported m children 
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Juvenile gout is exceedingly rare Pam and swell 
mg of the jomts first began at 5Vs years of age in a 
patient of Middleimss and Broband when radi 
ographic findmgs were nonnal At 9 years however 
the cartilage spaces at the affected jomts were re- 
duced These authors pomted out that the diagnosis 
of juvenile gout should be made from the chemical 
findmgs— high levels of unc acid m the plasma or 
microscopic demonstration of sodium urate crystals 
m the slon- which are specific— rather than from the 
radiographic changes m the joints which are nonspe 
cific 

Congenital hyperuricosurta (Leseh Nyhan tyn 
drome) develops in male infants only They are oor 
mal at bmh After the first few months of life how 
ever them motor development becomes retarded the 
extremities become spasQc and sometimes athetoid 
movements appear Mental development slows down 
and almost ceases Dunng the Snd and 3rd years 
charactensQc mutilaoons of the bps and fingers from 
chewing and bitmg present a diagnostic clinical pic 
ture Unc acid crystals may be evident in the diapers 
after the first weeks of life Stature and maturanon 

g eater t ocbsnter ol a black boy 15 yea s of age (From Ha kreu 
and Peters ) 
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axe both teduced Convulsions develop Ucer end 
hematuns may be induced by unc acid stones in the 
urinary tract Most patients die of pneumonia before 
age 7 In older children changes typical of gout may 
appear The diagnosis depends on the demonstration 
of excessive unc acid In the plasma and unne Hie 
defects in the fingers due to self mutilation can be 
seen radiographically as well as delayed maturation 
and growth ui the skeleton subluxation at the hip 
and calcub m the urinary tracts Pneumoencephalo- 
grams have shown slight cerebral abnormalities or 
normal findings 
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Tumorol calctnosis fpenbursol idiopathic calcffi* 
cofion) occurs in otherwise healthy older children 
and young adults without associated calcification in 
other tissues All but one of the patients descnbed in 
the Anglo-Amencan hteiature have been blacks 
Painless penarticular swellings are the sole cimical 
manifestations Laboratory findmgs are charactensti 
cally normal The periarticular swellmgs cast radi 
©graphic images with lobulated patterns of calcium 
density (Figs &-875 and 8-876) which are diagnostic 


m themselves Large calciferous tumors have 
been reported at the knees According to Haikness 
and Peters the swellings are limited by fibroela^tic 
capsules from which fibroelasnc septums extend cen 
trad the spaces between the mesh of the septums ai* 
filled with fine and coarse calcium granules Ther^ is 
no cartilaginous metaplasia but osseous metapla^is 
was found in one tumor Necrosis mfiammauon and 
hemosiderosis have not been found These authors 
believe that tumor calcinosis is not a neoplasm but 
hypertrophic proliferation similar to the keloid tuipor 
There is no intrarenal calcification Recurrences Are 
common following surgical excision and new foci ®f 
calcmosis have been induced by surgical trauiba 
Profound cachexia has followed infection and the 
development of smus tracts NaJjar and associa^^s 
reported tumoral calcmosis m association with psAu 
doxanthoma elasticum In a white boy 9 years of age 
Viskelety and Aszodi recorded elevated serum ph^^ 
phoius in a boy 8 years of age Baldursson and c*)! 
leagues found hyperphosphatemia m four siblings 
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Intermittent Hydrarthrosis 

In children pauiless symmetncaJ swellings of (be 
joints commonly the knees develop and persist for 
varying penods Roentgenographically hydraithrosis 
shows as a local swelling of water density which has 
no differential diagnostic features Syphibs (Clutton s 
Jomts) is one cause of painless hydrarthrosis Allergy 
appears to play a causd role m many cases especial 
ly when the swelbngs are transitory Unrecognized 
trauma and mild mfecnons may also be causal 
agents There are no associated changes in the adia 
cent bones 

Cysts and Neoplasms 

Primary tumors of the articular structures are e* 
ceedingly rare in children In adults synoviomas and 


synovial sarcomas form tumor masses in and near 
the joints and cast shadows of water density Lewis 
pointed out the frequency of scattered foci of calcium 
density in synoviomas 

Cysts of the articular and penaracular structures 
cast shadows of water density which ordinarily are 
poorly visualized because their shadows blend with 
surrounding soft tissues At the knee however where 
fat pads provide adequate contrast density some 
cysts can be clearly demonstrated and accurately lo- 
calized {Figs 8-877 and8 878) 
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SECTION 9 

The Vertebral Column 



Normal Vertebral Column 


'nn: CEKViCAi. AND sacrococcygeal portions of the 
spine are considered in the discussions of the neck (in 
Section 1) and pelvis (Section 5) The thoracolumbar 
spine IS considered here 

Anatomy 

The vettebrae wiiicb together with the interverte 
trcal disks constitute the spinal column, may be te 
garded from the developmental point of view as short 
tubular bones Normally there are 12 thoracic and 5 
lumbarvertebrae 

Each thoracic vertebra is composed of an anterior 
mass or body and a postenoi nng or arch Several 
appendages project from the arch the paired trans 
verse processes the paired supenor and inferior artic 
ular processes and the single spinous process (Fig 
9-1} In the lumbar spine there is a pair of addition^ 
small processes the mammillary tubercles which 
project postenoily from the summits of the supenor 
araculaz processes 


The spongiosa of the vertebral bodies a delicate 
wide meshed reticulum is surrounded by a ihm cylin 
dncal wall of compact bone (Fig 9 2) Amstutz and 
Sissons demonstrated that the vertebral spongiosa 
consists of a complex network of bony plates perforat 
ed by round openings of varying sire These plates 
were onented preferentially in the vertical and hon 
zontal planes and the amount of spongiosa was 
greatest near the upper and lower edges of the verte 
bral bodies and least in their central segments Their 
study was made on the third lumbar body of a young 
woman who died following head injunes The upper 
and lower surfaces of the body are not limited by a 
true closing plate of compact bone as is the case at 
the ends of the tubular bones in the extremities At 
these vertebra] surfaces the trabeculae of the spongi 
osa are concentrated transversely into a profbsely 
perforated plate The perforations afford direct con 
tact of the marrow spaces with the amcular plates 
and permit the direct transfer of fluids from the verte- 
bra] body into the contiguous intervertebral disks 


Fig si ~No(maltho«ac cveueb'a cian al and laie al aspacis 
Superior articular surface 


Spinous process 




Superior a 
. process 

iperior costal pit 



CRANIAL. SURFACE 


Inferior costal pit 
Inferior vertebral notch 
Inferior articular surface 
Spinous process 

LATERAL SURFACE 




1352 / SECTION 9 The Vertebral Column 



ter of the body tn the curved lorig tud nal trabeculae ttieir con 
vexit es in contrast are d rected toward the surface of the verte- 
bral body 


thus serving as channels through which the disk is 
nounshed and at times infected from the body The 
neural arch and Us appendages are covered with a 
layer of compact bone which is much thicker and 
stronger than the thm cortex in the cylindrical wall of 
the vertebral body 

Each intervertebral disk contains three compo- 
nents the paired cartilaginous articular plates the 
fibrous nng or annulus fibrosus and the nucleus pul 
posus (Fig 9-3) In the growing spine the paired card 
lagmous articular plates are merely central superfi 
cial portions of the underlying cartilaginous mass of 
the vertebral body and are directly continuous with 
them In the adult spme the articulai plate is com 
posed of ordmary hyaline cartilage and lies between 
the end surface of Che bony vertebral body and the 
annulus hbrosus The cartilage plate does not extend 
penpheiaUy to the outer margins of the disk but 
merges with the fibers of the annulus which com 
pletely fill the outermost zone of the intervertebral 
space The annulus fibrosus is a homologue of the 
fibrous capsule of the freely movable jouils in the ex 
trenuCies it is made up of a senes of connective tis 
sue lamellae which run from one vertebral surface to 
the adjacent vertebral surface in wide curves Com 
pressed in the central portion of the disk and sur 
rounded by the annulus is a highly elasoc fluid 
fibrous mass the nucleus pulposus which plays an 
outstanding role in many vertebral diseases The nu 
clei pulposi are segmental intervertebral remnants of 
the fetal notochord 

One of the most important features of the spine 
from a radlologle standpoint is the size of the Inter 
pediculate spaces This space in each vertebra is 
measured from the inner edge of one pedicle to its 
counterpart in the opposite pedicle and represents the 
greatest internal distance between companion pedi 
cles The interpedieulate space is increased at the 


Sites of spina bifida, diastematomyelia and expanding 
mtraspinal tumors 

Growth and Development 

Following the early mesenchymal stage in which 
the sclerotomes grow and segment into pnmitive 
connective tissue vertebrae and intervertebral disks 
centers of chondrtfication begin to appear in the 
connective tissue vertebrae at approximately the sev 
entb fetal week Two cartilagmous centers develop in 
each vertebral body and one appears on each side of 
the incomplete vertebral arch These four primary 
centers grow and fuse mto a smgle cartilagmous ver 
tebra. Failure of development or hypoplasia of one of 

Fig S 3 —Schematic drawing of sagittal sect on of the spine 
Phases in progressiva oss < cat on and fusion of the vertebral 
lings In the under edge of the uppernrost vertebral body the ver 
lebral nng in the peripheral noleh is made up entirely of carti 
lage wh ch is stippled In the upper edge of the middle vertebral 
body an oss ficaiion center (cross hatched) is present in the ver 
tebraf nng front and back In the under edge of the same body 
this ossification center Is larger and occupies more of the cart la 
gmous nng In the upper edge of the lowermost vertebral body 
the ossificabon center occupies all of the notch and has fused 
with the me ti mass of the vertebral body In all phases of its de- 
velopment the vertebra! r ng is deeply penetrated by Sherpeys 
I bers The growth and ossification of the vertebral ring appears 
to contribute little or nothing to the growth of the vertebral body 
The inter or longitud nal I gament (heavy brokan line) ii attaehad 
to the vertebral bod es but skips attachment to the intervertebral 
disks the converse is Hue for the posterior long tud nal I gament 
d dorsal edge v ventral edge (From Sehmorl and Junghanns) 
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the two chondnfication centers in the vertebral body 
IS thought to be the principal cause of hemivertebra 
The open vertebral arch continues to grow postenoriy 
around the spinal cord until after the second fetal 
month, when the two sides of the cardlaguious arch 
unite and enclose the cord completely The trans 
verse, articular and spinous processes grow from 
edges of the arch 

T ager offered a sign of fetal death based on ventro- 
dorsal films of the gravid uterus with the patient re 
cumhent and then erect In the case of fetal death, 
the fetal spme collapses, with deepening of the curva- 
ture in the lumbosacral segments and sharp angula 
bon of the neck on the thorax The loss of normal spi 
nal course in the dead fetus is due to loss of tone In 
the dead fetal muscles 

It should be emphasized that the best evidence uidi 
cates that the vertebral body grows in length exclu 
sively from the prohferatmg cartilage plates at the 
cephalic and caudal ends, just as a long bone grows 
in length The vertebral nng cartilage, long miscalled 
a nng epiphyseal cartilage, is outside the zone of 
growth and endochondral bone fonnabon 

The longitudinal growth of each vertebral body and 
the total composite longitudinal growth of the whole 
spine are modified by tbe stress of weight bearing 


Gooding and Neuhauser demonstrated longitudinal 
overgrowth and transverse undergrowth of the v^rte 
bral bodies of growing children whose spines had 
never been subjected to the sttesses of gravity and 
weight hearing because of neuromuscular weakness 
es and paralyses In the lumbar levels, where the 
normal stress of weight bearing is greatest, excessive 
longitudmal growth and transverse hypoplasia of the 
vertebral bodies were maxunal Then paper contains 
an excellent brief review of the origin, growth and 
development of normal vertebrae 

PniiiAitY Ossification Centers 

Ossificabon centers first make their appearance m 
the cartilaginous vertebrae at about the tenth fetal 
week. There are three primary centers a single os 
seous nucleus m the body and two nuclei in the afoh, 
one of which is m each pedicle These primary ossifi- 
caoon centers continue to extend into the carbla^- 
nous vertebra during embryomc life but are still sPPa* 
rated from one another by cartilaginous «ndge$ 
birth (Fig &-4) The marginal growth zones of the fro- 

tiferaave caroJage in the body ace located on the sur- 
faces of the ossificabon center where they merg* 
with the cartilaginous poruons of tbe body As groi^ 


Fig a 4 - Primary vertebral ossl^ctt>on centers from the 6th fetal week (a) to the neonatal period (gl <Prom 
Hitchcock a drawings of cleared specimens ) 
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proceeds cephalad and caudad the amount of bone 
increases and the amount of cartilage diminishes cor 
respondingly until about the 16th year when growth 
IS practically complete At this time only the central 
portions of the upper and lower surface cartilage per 
sist as the cartilaginous articular plates The fusion 
of the ossihcation center in the body with the center 
in each side of the arch takes place at the neurocen 
Oral sutures between the 3rd and the 6th year The 
two bony centers in the arch extend posteriorly to 
ward the midline and complete the bony neural arch 
dunng the first two postnatal years 

Secondary Ossification Centers 

Secondary ossification centers begin to appear ui 
the annular cartilages shortly before puberty in fe 
males (Fig 9 5), In males they develop somewhat lac 
er We have seen substanaal segmental calcification 
of the annular cartilages In normal girls 7 years of 
age Among 20 children aged 2-6 years lateral radi 
ographs of the chest and abdomen taken for a variety 
of unstated clinical reasons Hindman and Poole 
found fine calciferous foci in the annular cartilages 
of 9 aged 2 and Syears and of 11 who were 4-6 years 
of age The bone ages were normal or advanced in 
all of these children In the single illustration fine 
calciferous short strips of calcium density are visible 
in both superior and inferior annular cartilages of the 
vertebral bodies Normally the secondary centers fuse 
with the vertebral body 5-10 years after their first 
appearance Occasionally the secondary centers in 
the arch persist as separate ossicles and in case of 
injury may be mistaken in films for fracture frag 
ments 

The postnatal longitudmal growth of the spine is 
due exclusively to the proUferaUon of camlage on the 
upper and lower zones of the primary ossification 
center in the vertebral body according to Beadle 
there is no growth and no trace of endochondral bone 
formation m the annular cartilages This nng of caiti 


lage often miscalled an epiphysis ossifies indepen 
dently of the primary center which constitutes the 
body of the vertebra and bears no direct relation to its 
longitudmal growth and contnbutes nothing to its 
endochondral bone formation It merely fuses with 
the body when growth of the body is complete 
The principal change in the intervertebral disk dur 
ing growth is the reduction of its fluid content partic 
ularly in the nucleus pulposus which at birth is a 
mass of mucoid gelatinous fluid dispersed through a 
widely meshed reticulum of mesenchymal cells de- 
rived from the notochord With increasing age the 
annulus fibrosus expands centrally into the margins 
of the cartilaginous plates which at the same tune 
are contractmg peripherally Physiologic calcification 
of the annulus and more rarely of the nucleus pulpo- 
sus has been observed not infrequently in middle- 
aged and elderly persons but is rare in young adults 
and children and has not been reported in infants 
At birth the average length of the spine without the 
sacrum IS 20 cm dunng the first two years growth is 
rapid and the length increases to about 45 cm The 
velocity of growth is greatly diminished thereafter, at 
puberty the longitudinal axis measures about 50 cm 
The final adult length of 60-75 cm is attained be 
tween the 22nd and the 24th year There is a signifi 
cant change m the relative length of the cervical and 
lumbar portions during growth At birth the cervical 
spme makes up one-quarter of the total length of the 
spinal column the thoracic spine one-half and the 
lumbar spine one quarter In the adult the cervical 
spme is reduced to one fifth or one sixth of the total 
length while the lumbar segment is increased until it 
composes nearly one third of the whole (Scammon) 
The apparent shortness of the neck in infants is due 
to the fulness of the cervical soft tissues, the cervical 
spine IS proportionately longer dunng Infancy than m 
later age penods The normal curves of the spine do 
not become fixed until after puberty At birth the ver 
tebral cxilumn forms a single long shallow curve ex 
tending from the first cervical to the fifth lumbar 
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segments wth its concavity directed anteriorly The 
cervical curve appears shortly after the head is held 
up dunng the 1st year The lumbar curve develops 
when erect posture is assumed at about the beginning 
of the 2nd year and gradually becomes more promi 
nent during the years of childhood 

Roentgen Appearance 

The bony vertebrae cast opaque shadows of cal 
cium density in contrast with the interposed radiolu 
cent stnps of water density cast by the intervertebral 
soft tissues The spinal canal is filled with soft tissues 
of water density During infancy and childhood all of 
the cartilaginous pomons of the incompletely miner 
alized growing vertebrae cast shadows of water den 
sity The intervertebral spaces appear proportionately 
thicker and the vertebral bodies smaller dunng early 
life owing to the radiolucent cartilage zones in the 
upper and lower surfaces of the vertebral body these 
merge vnth the radiolucent shadow of the interverte- 
bral disk and augment its tvidth above and beloiv 
The individual components of the intervertebral 
disk-the paired caitdagmous aroculat plates the 
annulus fibrous and the nucleus pulposus-all cast 
shadows of water density and cannot be distin 
guished from one another or from the surrounding 
soft tissues 

Fg 9 6 -The normal roentgen appearance at b nn <f aw ng of 
a roentgenogram The sr\ter or anO poetenor notch shaoows 
(arrowt) n the vertebral body are noteworthy The cart lag nous 
neufoeentral synchond osee (arrows) between the body ana the 
ereh cast ehaOows of water dens ty 




ng 9 7 'A the neurocentral synchondroses (arrows) of the 
lumbar and sacral vertebrae In Ob) gue project on The nfantwas 
•symotomai c and t3 months of ege These long tud nsl rsd olu 
cents! PS andfnes n older nfants somet mess mulale fracture 
Ines B the neurocentral synchondroses (arrows) of tne upper 
sacral segmenis n frontal proieci on Th s nfant was asympto 
mate and 12 months of age 

Ovnng to the coropleaty of the synunetncal neuial 
arch with the paired processes projecting ftam it in 
three different planes all portions of even a single 
vertebra cannot be satisfactorily visualized in a sin 
gje projection because of superimposed shadows of 
the different vertebral components Frontal lateral 
and often oblique projections are essential for com 
pleie visualiration In detailed studies stereoscopic 
films of the four surfaces should be made (anterior 
posterior and both lateral projections) and m special 
cases planigrams are of great help The vertebral 
bodies can be most clearly visualized m full lateral 
projections in which there is no superunposmon of 
the vertebral arches on the bodies 

The vertebrae present widely different normal 
roentgen images at different ages In the first weeks 
of life the three opaque primary ossification centers 
are still separated by radiolucent cartilagmous 
bridges (Fig 9-6) The radiolucent neurocentral syn 
chondroses persist as longitudinal bands and in older 
children as lines of diminished density at the junc 
twins of the body and the two sides of the neural arch 
until the Srd to 6th years In oblique projections (Fig 
9 7 ) especially they are easily mistaken for frac 
lures They disappear last in the lower lumbar and 
upper sacral levels In a single vertebra, one neuro- 
central synchondrosis may remain open for months 
after its counterpart on the other side has closed The 
opaque ossification center m the vertebral body tends 
to be ovaL The intervertebral space is a thick bicon 
cave radiolucent stnp In lateral projections the verte 
brai bodies exhibit paired notched shadow defects m 
the middle third of the antenor and posterior walls 
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FIs 9 8(tbov«] - A tracing Of a normal ro«fltgei>ogr«m at 1 y«ar Of sg» Thatodiea 
aro more rectangular and the mierveneorai apaces are proport onaieiy narrower than m 
the neonatal apme Honuntal detia m the m dgort on of the l>o4y are atili vivbie 6 
tracing of a normal roentgenogram at 6 years There are now notched detects m the 
superior and interior angles of the vertebral bod es and siepiike shelf projects from the 
intervening portion of the antenor surface A rtarrow anterior miersegmenial cleft is still 
evident in some of tna bodies 

Fig 9 9 {rlgtii).-Traeing of a normal roentgenogram at 14 years The ossification 
centers in tne annular eariiiag nous rings are now visible The anterior notch shedows 
of the bodies cannot De seen in this lateral protect on but she'iow notches were vis ble 
on the anterolateral s urfacee of the bod es in obliqiie protections 



Tbe ase cone shaded and a paar of 

honzontal V’s with their apexes directed toward the 
center of the body Wagoner and Pendergrass showed 
in anatomic specimens that the radiolucent antenor 
notch shadow is cast by a large sinusoidal blood space 
uitthin the ossification center The postenor notch 
shadow, in contrast, is generated by an actual perfo- 
rated indentation on the postenor wall of the body 
through which the postenor vertebral veins emerge 
and the postenor nutrient aitenes enter This posterl 
or indentation persists throughout life but is not 
clearly seen in roentgen films because in lateral 
projections the shadows of the lateral masses are 

superimposed 

With advancmg age the primary centers fuse the 
bodies become pioporuonately larger and the inter 
vertebral spaces proportionately narrower The body 


aisci loses its oval shape and becomes more lectangu 
lar The antenor vascular notch shadow develops into 
a deep narrow honzontal radiolucent strip in the 
middle third of the body (Fig 9 8) This stop shadow 
is cast by the channels of the paired anterolateral 
vessels, it persists longest in the lower thoracic seg 
ments, where it usually disappears late in childhood 
but may persist into adult life in some cases 
Throughout late childhood notched rectangular ra 
diolucent defects are visible in the upper and lower 
antenor angles of the body, these are cast by the 
thick furrowed cartilaginous nms of the annular ver- 
tebral nngs 

Secondary ossification centers develop in the annu 
lar cartilaginous nngs as early as the 7th year in 
females In one gal 2y> years of age and otherwise 
normal In all respects, we found ossification centers 
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ui some of the nng$ They appear first as multiple 
small opaque foci on the nms of the bodies (Fig 9 9) 
The small fo« later fuse into solid calcareous disks 
the paired upper and lower bony epiphyseal disks in 
turn fuse with the mam mass of the body after the 
20th year 

The normal values for the interpediculate spaces at 
different levels in the thoracic and lumbar levels of 
the spme at different ages are shown m Figure 9 10 
Howorth and Keillor attempted to simplify meas 
urements of the spinal canal at all levels by the use 
of tracings of normal spmes on transparencies which 
can be supeninposed on the radiograph ui question 
for direct comparison In the beLef that the usual 
standards for evaluating the size of the cervical spine 
are of little value Hmck and his co-workers presented 
data for normal measurements m persons 3-18 years 
of age 
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Congenital Disturbances 


MairormaUoRS 

VARIA.TIONS IN THE NUMBER of the 5 lumbai and 12 
thoracic vertebrae are due to oversegmentation and 
undersegmentation of the mesenchymal provertebrae 
early in fetal life The supernumerary vertebrae may 


be nonnal or deformed Undersegmentation may 
affect two or more segments The fusion may be com 
plete or may be limited to portions of the arches or 
bodies Errors in the number of thoracic segments are 
often compensated for by a reverse error in the num 
ber of lumbar segments so that the total number of 


fig 9 11 —The diflerent congen Ul msirormstions assoc aied 
w th congenitar scol osis A hypopfas a of the vertebral body 
(partially wedged vertebra) B hemivertebra (single) C hemiver 
tebra (double unbalanced) D hemivertebra (double balanced) C 
lymmetricai failure of segmentation of bod es F asymmemeal 
lailure o1 ssgmeMal on (unsegmenled) O asymmetrical tatiure 
of eegmentat on of the posterior elamenia only -the neural arch 



ABC 


es (imsegmented bar inanteroposterorvlew) H lateral projec 
lion of C Show ng that the bod es are normal but segmented and 
fusion IS I mited to the pester or elements This type Is easy 
toseparsiesurgeaiiy I failure of segrnentatien of neural arches 
(he bodies J, muh pie vnsegme nted bod ss end neural arch 
(From W M«« el af ) 



D E 
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thoracolumbar segments is unchanged Reverse van 
ahon in number of sacral segments may also compen 
sate for enois in number of lumbar segments 

Congenital scoltons is caused by a variety of con 
genital malformaoons of the spine (Fig 9-11) Pro- 
gressive increase in the curvature is common espe- 
cially in those caused by unsegmenced bars due to 
asymmetncal failure of segmentation of Che arches of 
two or more contiguous vertebral segments (Fig 9- 
12) Associated malformations have been found in 
the head and neck thorax abdomen and gemioun 
nary tract and a variety of anomalies in the extiemt 
ties Once a curve begins to progress it continues to 
do so until growth is complete Death is rare during 
childhood 

Structural idiopathic infantile scoliosis in con 
trast recovers completely without treatment in more 
than 90% of cases Faulty fetal position and intrau 
tenne molding are believed to be the major causes 
The clinical diagnosis is based on the presence of a 
lateral curve m the thoracic spine which does not dis 
appear on suspension of the infant The nbs are 
prominent dorsally on the convex side of the curve 
but are depressed on its concave side Rotation of the 
head toward the convex side is limited Head molding 
(plagiocephaly) IS also common Anteropostenor films 
with the baby m suspension discloses a lateral curve 
comparable to the one seen cbmcalJy Rigidity of the 
curve can be demonstrated in films made during 


bending of the spine In IDO cases diagnosed by 
Lloyd Roberts and Pilcher age at onset varied Aom 
bmh to the 10th month 

In rheumatoid arthnos of the spine the cartilage 
spaces at the aiticulauons may be completely de- 
stroyed these acquired lesions simulate congenital 
fusion of the vertebral segments especially m the 
cemcal portion (sec Figs 9-69 and 9 70) 

Vartotions in form are common many of the de 
fects in the arches should be considered anatomic 
variants rather than malformations because they are 
found in so many healthy infants and children This 
IS especially true of laminar defects in the mfenor 
lumbar levels 

Defects m the body may be due to undergrowth of 
one or both of the fetal chondnficauon centers (Figs 
9-13 and 9-14) OccasionaRy the entire body may be 
absent when the arch is well developed The asym 
metrical undergrowth of one of the paired fetal chon 
dnficabon centers in the body gives nse to hemi 
vertebra, a common and sometimes disabling mal 
formation (Figs 9 15 and 9 16) One or many spmal 
segments may be affected m thecase of thoracichemi 
vertebra, errors m segmentation of the ribs are almost 
invariably associated Congemtal hypoplasia of one 
lung is often accompanied by hemivertebra (see Fig 
2-121) Multiple hermvertebrae which affect the spine 
at many levels may cause marked dwarfism owing to 
shortening of the trunk when the extremities are 
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Fig 9 13 -Developmental errors in tiie vertebral 
segments in the ehonOrification stage A, normal pattern 
during early ehondr I eat on stage B persistence of early 
m dsagittal cleft C persistence of midsagitlal clett in the 
body only D persistence of chordal canal in the vertebral 
body E, lateral hem vertebra only due to agenes 3 and 
hypoplasia of Ihe rght half of the chondrificaton center 
In the body F, aplas a of the eni re body due to failure of 
growth of both early pa red cart lag nous masses (Figs 
9 13 and 9 14 from Koehler and Zimmer > 





Fig 9 14 -Malformat ona secondary to deveiopmenul errors 
dur ng the eaeifiealion stage A. early normal ossificaion cen 
teis In contrast to me two early ehondnlicat on centers m the 
body which are lateral to each other these ossification centers 



in the body are ventrodorsal to each other B dorsal transverse 
hem vertebra. C, ventral transverse hemivertebra 0 tranevene 
fissure between the two isndem css f cation centers of the vede- 
braf body— coronal Cleft in the venebral body 
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R9 9 17 — Famil al dwarfism m siblings du« to multpla Aemi 
vert«bra« A brother and s star lOandByearsolaga showshort 
neck thorax abdomen and pelvis m contrast to normaMength of 
the extremites Roentgen examination revealed multiple hemi 
vertebrae (Figs 9 ISandS 19) at practically alMevels in ihespmes 
of both ch Idren Otherwise the skeletons were normal The d $ 


proportion iit this type of dwarfism is similar to that in Morquio * 
d sease m which lha spme is shortaned owing to universal vertr 
bra piarta In achondroplasia trie extramit e$ are short and ths 
trunk IS disproportionately long the converse of the diapropor 
tione w th mult pie hemivertebrae 
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PI9 9 tl (Kft} - Mult pl« h«m vertebrae in the boy shown In 
Figures 17 A nthecerveafanatuperortnoraecsegments B 
tn the nfenpr tfiorae e and lumbasKrai teveie The <feipivn«tf 
vertebral bod es occupy praci ca y the eni re ap ne The errors n 
segmental on of the r be are noteworthy The other bones were 
a I normal roentgenograph eaiiy 


Fig 9 1$ (right) -Mutt pie hem vertebrae seol es s and costal 
deform tea n the dwarteo g rl shown in Fgureg 17 The hem 
*«itebre deform ties are a m far but not Went eaf w ih those of her 
b other (F g g-ts) Her other bones we e no mat roentgenoars 
ph eaiy 


nonnally long We have observed two such dwarfed 
children who were siblings (Figs 9-17 to 9*19) Muld 
pic hemivertebrae were found by Van de Sar in a 
mother and her 2-year old daughter two ocher sib- 
lings were normal We have seen multiple bemlvene- 
brae in sibling fetuses who died soon after birth it is 
possible that many of the cases of multiple bemiver 
tebrae are never detected because the fetus dies be 
fore birth and the spine 1 $ not adequately examined 
In one of our cases the multiple hemivertebrae were 
clearly visible in films made of the pregnant uterus 
severd weeks before birth Multiple hemivertebrae 
and short spme may be components of a syndrome 
which also mcludes alopecia of the scalp follicular 
atrophy of the skm and unilateral shortening of the 
extremities A great variety of defects m the vertebral 
body may be due to persistence of remnants of the 
fetal notochord in the vertebral body (Fig 9-20) 
When this remnant is centrally placed and extends 
the entire length of the vertebral body a charactens- 
tic butterfly appearance may be visible m frontal 
projections (Fig 9 21) 


Coronal cleft vertebral bodiet were demonstrated 
analoiracally and radiographically by Schinz and 
Tondury Their study of the early fetal ossification of 
the vertebral body showed that the coronal cleft is 
merely the normal mass of cartilage between the ven 
tral and dorsal ossification centers which have not yet 
fused It is probable that the coronal clefts in the 
lumbar bodies in Figure 9-20 are produced by the 
double-center mechanism rather than notochordal 
remnants Either of these mechanisms is possible In 
one of the cases of WoUin and Elliot the coronal cleft 
represented persistence of notochord (an axial rod of 
notochord) and in another case the coronal clefts 
were filled with cartilage It seems hkely that persist 
ence of the notochord interferes vrith earher normal 
fusion of the paired vertebral ossification centers 
Cohen and co-workers confirmed the findings of 
Schinz and Tondury in three cases microscopically 
their roentgen material indicated that coronal clefts 
are more common in associatfon with other anom 
alies especially chondrodystrophia ealcificans eon 
genita (see Fig 8-321) than in otherwise normal tkel 
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Fig 9*20 -Defects in verteeral bodies at I. 3 L 4 and L $ 
(vttUeal attswe) of esyntBiomatic newly born infant which may 
be due to persistence of notochordal remnants The defects in 
the ventral edges of the vertebral bodies (horizontal arrows) are 
cast by the normal vascular canals The longitudinal strips of 
water density which separate each neural arch from ns body are 
the normal bars of cartilage in the neuroeentral synchondroses 
The notochordal remnant was not proved anatomically and the 


defects may well be coronal clefts between ventral and dorsal 
ossification centers which are delayed in (using 
Ftg 9 21 (nght) - Buttedly deformity of the vertebral body 
due to persistence of a remnant of the fetal notochord in the ver 
tebrel body in a patient (3 months of age There are no assoei 
aied errors lit segmentation of the ribs which are almost invang 
bly present in hemivertebra Diagnosis was not proved anatorni 
cally 


dcofis One or eeversl veitebcal ixfdies max he affect 
ed, most commonly m the lumbar spme Ocdmanly 
the clefts disappear dunng the first weeks of Ufe. 
they predommate in males m the ratia of about 10 1 
Stewart and McKenzie pointed out the value of (be 
cleft in predicting the male sex of a fetus when the 
clefts are visible ui films of the gravid uterus In our 
most severe example of this benign lesion, which is 
merely a retardation of the normal growth and fusion 
of the ventral and dorsal ossification centers all of 
the lumbar bodies and most of the thoracic were af 
fected and the clefts persisted longer than the 7lh 
month The patient was a girl (Fig 9 22) 

Asymmetrically placed remnants of the notocbtwd 
cause asymmetrical defects that resemble hermverte 
bra 

Congenital anomalies of the vertebral arches may 
be found m several sites (see Figs 9 13 and 9 14), one 
or more of these defects may be present in a single 
arch The roentgen defect is due to absence of bone 


se^nenls m chiferent regions (Ftg 9-S3), eaitda^i 
nous bndges usually fill the site of the bony defect 
The importance of defects m the neural arches m t^e 
causation of spondylolisthesis is discussed in the sec 
tion on the pelvis (see Fig 5-45) 

Spma bifida (rachischisis) is a congenital cleft ij] 
the neural arches (see Fig 9 13, A and B) which per 
nuts external protrusion of the soft tissues and fluid 
of the spinal canal The diagnosis is manifest in the 
chmcal examination The sac of sacral meningomyb 
locele may be supenmposed on the scrotum m fronts 
projecboa and simulate hydrocele (Fig 9 24) The 
laminar defects in the neural arches and the spread 
mg of (he pedicles are, however, best demonstrated in 
the roentgen examination (Fig 9-25) Hemivertebrae 
are sometimes found in the same levels as the cleft 
Mmocdefectsln thelammasof the lumbar and sacrty 
vertebrae without changes m the overlymg soft ds- 
sues (spma bifida occulta, see Fig 5-29) are exceed 
mgly common m asymptomatic infants and childreii 
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Fl9 9 22.-MU t p e CO onal clell v*rt«b ae n a 9 r) 7 moniha 
of age who had aave al other congen lai anoma ea in the meia 
phyaea of the bonea at the wriata and anklea rraguiarand defec 
t ve oaa f eat on luggeated metaphyseal dyaoslos a Seva al tubu 
lar bones n the hands were m as ng as well as n the nght foot 
w th hypoplas a of the r ght t b a and absence of me left t b a 
The heart was deformed and the colon enlarged La ge extra oa 
a elea developed In the Innom naie synchondros a of me occ p tai 
bone A coronal elatts ere p esentinvertebrsi bod eat omT 11 
through L-4 B f ontal p oieet on neompieie derta n the m d 


aag ttai p ane a e v a ble n many vertebral bod cs at d He ent 
leveia wh cit suggests mat these bod as deve oped from four 
oaa f eat on centers n each body The sacral late al masses a e 
defect ve on both a das in me bod es of me sch a a e clusters of 
small oaa f cat on centers wh ch we have not seen n any other 
skeleton C and D eguiani es In oai f ea on of the sch a and 
la n the same pat ent at S weeks and 9 months of ege These 
Ir eguiant ea probably rep ssent tna I m ted form el ehondrodys* 
liophia calc I cans congenns 


Fig 9 23 —Separate neu a! arch n the U 5 vertebra w th 
lorwa d d aplacement (spondy ol alhes s) of the L 5 body on 
sacrum (a so see Fig 5-45) 
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(Fig 9-26) Most of the nudsagittal defects in the 
neural arches seen radioeraphically are unage de 
fects rather than anatomic defects and represent ui 
complete ossticadon of the neural arch at this site 
rather than an absence of bone and cartilage Spina 


bifida occulta is an inaccurate label for this arch 
bound securely by a cartilaginous bar which is radio- 
luceot There is no splitting of the arch although the 
roentgen image appears to be split Many of these 
supposed defective split arches become normal as age 


P)9 9 25 (Istt).-Ttioraeolumbosaersl so na b f Oa There s a 
long wide central cleft in the neural a ones which a e wdey 
spread late ad The t Im was made a few hours after b rth 
Rg 9 26 (right) -Sp na b f da occulta In anasymptomatcg rl 
10 years of age The neural arches are probably complete ana- 


tom caliy and the rad ograph c defects in them probably repre- 
sent unoss f ed cart lage wh ch w II css ty w th advanc ng age 
Pars stent synchondroses s a more accurate term than sp na b 
f da occulta 
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advances Sutow and Pryde found that the incidence 
of spina bifida occulta (radiographic) diminished m 
males from 22% m the 7th year to 4% m adults and 
m females from 9% in the 7th year to 1% in adults 
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Fig 9 27 -Morbd anatomy of diaatemalomyera exposed Oft 
aurgical exploration The apmal cord is widened and spl I by a 
transl xing c&sicle »h eh is continuoua w th the vertebral body 
ventrad and the dura dorsad (Figs 9 27 to 8 29 courtesy of Or 
EDB Newhauser Boston ) 
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Diattematomyelia is a congenital malformation of 
the spmal cord and the contiguous portion of the ver 
tebral column The cord is widened and spht into two 
lateral halves between which bes a longitudinal sep- 
tum made up of fibrous tissue cartilage and a sm^ 
aptcute of bone The septum transfixing the cord is 
attached to the ventral wall of the spinal canal and to 
the dura mater postenorly and fixes the cord at this 
level so that the spinal cord cannot maice its normal 
shift cephalad as the vertebral column lengthens 
with growth As a result of this drag on the cord the 
cerebellum and midbrain may be pulled caudad to- 
ward the foramen magnum and sometimes into it 
and even partially through it to produce an Arnold 
Chiaii malformation with blockage to the flow of cer 
ebrospuial fluid and hydrocephalus The structural 
changes are shown in Figure 9 27 
The radiologic findings (Figs 9 2S and 9 29) depend 
on the type and extent of the tissue changes Diastem 
atomyeha is most common in the lower thoracic 
and lumbar portions of the spine The vertebral 
anomalies and dilatation of the spmal canal may ex 


Pig 9 28 11*11) -RbOio'oq c I'ftO ftps In 6 asl«matomy*l a in 
plain f im In frontal project on The aprnal canal la widened and 
me intetpedicuiate a stancH era increased front T 9 through L 2 
The arrow po nts to the translix ng oss el* superimposed on T 
II The b^yof T 10 is deformed in a fash on cons start w thbi 
lateral henxyenebra or a notocordai remnant 
Fig 9 29 (ftghi) -Myetogriphie t nd ngs in d astematomyel a 
■n a boy 4 years and 10 months of aga Thtsp nal canal is d latad 
and the opagu* subaraehno d column is split by a rad olueent 
seplum-lhef broetrt lagmous seplum whicn also splits the spi 
nal cord 




Fig 9 30.— Double lumbosacral spine or total lumbosacral 
rach sch s s below a rnen ngoeele trac ng of roenigenog am 
(Redrawn Irom Rosselet ) 


tend over several of the contiguous segments m the 
region of the split spinal cord In the same levels the 
interpediculate spaces are increased the venebral 
bodies flattened and the intervertebral spaces nar 
rowed The intraseptal ossicle i$ best seen in frontal 
projection at or near the midsagittal plane of the spi 
nal canal it often cannot be seen in lateral projec 
nons This small opaque spicule can be seen in plant 
grams when it is invisible in standard Alms In one of 
OUT patients a gul^^earsof age the diastematomye- 
ha was double with charactensQc spmal lesions at 
two levels -the eighth thoracic and the third lumbar 
and the spinal cord was split at the same levels by 
transAxingAbrocartilaguious septums each of which 
contained its own ossicle Hemivertebra is commonly 
associated and spma biAda, lipoma, meningocele and 
meningomyelocele have been found m some cases 
Diastematomyeba should be suspected clinically 


Fig 9 31 —Double lumbosacral sp ne w th a m dsag nal plane 
separate oss cle (arrow) between two dural sacs The rad 
eg apti c changes suggest the complete form ol d aslomjrel a 
(Redrawn from Kahn and Lemmen ) 
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when there are weaknesses m the legs and feet with 
distuibances in gait fecal and urinary incontinence 
enuresis— especially when there are associated cuta 
neous anomabes over the lower spine Surgical treat 
ment \s often beneficial in preventing progression of 
the neurologic disturbances and should be advised as 
soon as the diagnosis is estabbshed 
Double sacrolumbar column or total rachischtsts 
(Fig 9-30) has been described The case of Kahn and 
Lemmen presented features characteristic of double 
sacrolumbar column and of diastematomyeba (Fig 
9-31) 
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Ventral sacral meningocele is an important and 
not exceedingly rare congemtal malformation which 
1 $ usually missed unless it is Identified radlologieally 
by the charactenstic defect in the sacrum as viewed 
in frontal projecQon In Pantopaque myelograms 
some of the contrast agent flows l^om the normal 
subarachnoid space into the cavity of the meningo- 
cele (Fig 9 32) The pnncipal complaint is often dys 
una caused by compression of the bladder by ihe 
meningocele Local pain and tenderness may also be 
present In one of our patients a girl 12 years of age 
the only complaints were weakness in the feet and 
legs with clumsy gait When large the meningocele is 
easUy felt on direct palpation Early recognition and 
surgical treatment in young females are especially 
important ovong to the senous complications during 
pregnancy the meningocele may be compressed to a 
degree w^ch causes increased uitraspinal and intra 
crania] pressure Sometimes the meningocele has 
ruptured with sudden drop m intraspinal pressures 
and late infection and meningitis 
Lateral Intralhoractc meningocele is character 
Ixed by a paravertebral tumor of vanable sue with 
excavation of the dorsal edges of one or more of the 
contiguous vertebral bodies (Bunner) These findmgs 
simulate those of neurofibromatosis but the memn 
goceles fill with gas after injection at the lumbar lev 
els mto the subarachnoid space 
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F)9 9 32 -Anterior sacral meningocele after a Paniopaque 
myelogram in a girl 12 years of age At the site of me sacral de- 


Leigh T F and Rogers J V Jr Antenor sacral meninge- 
cele Am. J Roentgenol 71 808 1954 
Sherman R M tt al Antenor sacral meningocele Am J 
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Congenital spmol anomalies associateJ uriih 
other congenital malformations — Hemivertebrae 

J 

Rg 9 33 -Hypoplastic achondroplasia In a boy 4 years of age 
The arrewa are directed at hypoplastic bullet nosed bod es of 
the L 1 end L 2 segments which are the site ol a kyphosis The 
sacrum is rotated cloekwiae upward and backward Themierver 
tebral spaces ere wide 


Sect the sac of the men ngocele isf lied with the opaque contrast 
agent A frontal and B lateral project ons 

are common in assodatson with congenital absence 
of the lung and bony dysplasias m the extremities In 
the lumbar segment of the spine anomalies such as 
heimvenebra malsegmentations and hypoplasias of 
the intervertebral disk maybe associated with imper 
forate or ectopic anus Coronal clefts have been found 
in some males with the high type of imperforate 
anus Congemtal sacral anomalies associated with 
imperforate anus include a variety of sacral dyspla 
Bias which cause shortening end scoliosis of the sa 

ng 9 34 — Hyperplaste achondroplasia In a boy S years of 
age The enter or edges of iha bodes show deep terminal 
rioiched defects above and below between which are large atep- 
I ke anterior projael one Lamy and Marotaaux prefer to call such 
Changes spondyioep physaal dysplasia (psaudoaehondropiisl c 
type) 
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crum In patients with an imperforate anus any 
anomalies in the lumbar and sacral segments of the 
spine are indications for excretory urography for early 
detection of correctable associated lesions in the unn 
aiy tract. 
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Systemic Dysplasias 

The vertebral bodies are short tubular bones and 
they exhibit the same changes in the skeletal dyspla 
sias as the long tubular bones the vertebral changes 
are however less marked because of the smaller 
amount of growth and of endochondral bone forma 
non on the growing surfaces of each vertebra than in 
the gro^vlng ends of a long bone For this reason the 
roentgen changes are usually less conspicuous in the 
spmal column and the spme is not the optimal site 
for the diagnosis of skeletal dysplasias of growth^ 


Achondroplasia 


The differences between the spines in hypoplastic 
and hyperplastic achondroplasia are shown in Fig 
ures 9-33 and 9-34 Kyphosis is sometimes a senous 
and painful complication of achondroplasia. It is due 
to hypoplasia of a lumbar body and its neural arch at 
one or more levels Kyphosis of the cervical spine is 
one of the most consistent changes in diastrophic 
dwarfism (Fig 9-35) For detailed changes ut the 
achondroplastic spmal columns see Figures S-309 8- 
311 and 8-313 In severe cases the vertebral bodies 
appear as narrow sclerotic plates Interposed between 
widened intervertebral spaces (Fig 9-36) Vertebra 


plana ts one of the most charactens tic features of 
Morqufo s disease ^ ' 

ia cjuier s dyschotidroplasia the vertebrae are nor 
mal even in the presence of severe dyschondroplastic 
changes in all of the tubular bones and the fiat bones 
in the pelvis and shoulder girdles 
In external chondromatosis (multiple cartilaginous 
exostoses) the spine usually appears normal radiolog 
ically In one of our patients a girl 8 years of age who 
had dozens of large and small exostoses m the other 
bones numerous exostoses were demonstrated in the 
lumbar segments of the spme (Fig 9 37) All of these 
small vertebral exostoses appear^ to project off the 
transverse processes and the pedicles 

REFERENCE 

Vogl A. and Osborne R. C Lesions of the spmal cord 
(transverse myelopathy) m achondroplasia. Arch Neurol 
8c Psychiat 61 644 1949 


MUCOPOLYSACCHARIDOSES 


Lumbar kyphosis (Fig 9 38) is a common feature of 
dysostosis multi plex. Begg demonstrated at necropsy 
that the hook shaped vertebral body of gareoyhsm is 

the annulus fibrosus to impinge on the anCenorloR^ 
tudmal bgament which then deflects it back onto the 
ventral edge ot the body where it produces local com 
pression atrophy (Fig 9-39) Id the lumbar levels the 
pedicles may be rarefied and small is caliber and the 
vertebral dorsal edges concave dorsad all of which is 
highly suggestive of localized increased intraspinal 
pressure (see Fig 8-365) 
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Fig 9 35. -Sharp kyphos s and poss Wy spondylol sihes 5 of 
the cerv cal sp ne of a d astroph c dwart A, at 3 months oi age 
B at 12 months The 4th and 5th vertebrae are hypoplastc at>d 



dsptacetf dorsad to produce a sharp angle cerv cal kyphos s 
Th s patent had no s gns ot sp nat co d compress on unit the 
I2lh month lollow ng an iniury to the head and cerv cal reg on 



Fig g at -Scvar* hype piute echondroplese n «n in 
tant 2 days of age The irtervcrteb^ai spaces are seve al imes 
theker than Ihe flat aela oi e oss f cat on cente s of the vertebral 
bod ea {compa » tr eh noemtl vertebral eodree in the newborn 
Fge 8>313 end 9 6) Serum phosphatase actvty was i>ot 
stud eO t s poss Ble that the patent had hypophosphataa a 
rather than aehoitd opias a 

Fig 9 37 (center) -Mult pie cart lag nous exostoses n die 


Osteogenesis Imperfecta 

As in the long bones the charactensuc finding in 
the vertebrae is a generahzed osteoporosis due (o 
defective cortex and sjiongiosa. In severe cases the 
weak osteoporotic bodies exhibit compression deform 
ities near their centers with expansion of the contig 
uous nuclei puiposi (Fig 9-40). TTie central cpncavi 
ties on the upper and lower vertebral surfaces pro- 
duce a deformed vertebral body which in lateral 
projection casts an hourglass shadow which is 
thinnest in the center and thickest at the anienor and 
posterior edges It is possible that rmnuie fractures 
contribute to the malformation of the vertebral bodies 
because not all of the bodies are affected and the In 


fumbsr segments of the sp n» pf a g rl 6 years of ege who had 
dotens of exostoses in other bones In these vertebral bod ea the 
exostoses appear ip pro ect oti the transverse processes and 
pe^as 

9 }$ (f ght) -Lumbar kyphos s in evsostosa mu tel ex 
(Hw ler a Syndrome) n a pat ent 20 months oiage Tneartew is 
d reeled at the deformed hypoplasi e L 2 body 


volved ones are disposed irregularly Spinal curva 
lures are common in osteogenesis imperfecta 


Osteopetrosis (Marble Bones) 
The vertebrae show sclerosis similar to that found 
in Ihe other portions of the skeleton The development 
of Ihe vertebrae is distinctly retarded infandJe ebar 
actenstics may persist for many years (Fig 9-41) The 
vascular channels which perforate the venebral body 
and the vascular sinuses within the body are large 
and conspicuous Often in the center of the body 
there is an inset of diminished density which has the 
appeoxunate size and contour of a neonatal vertebral 
body 





Traumatic Lesions 


□Islocalions 

Dislocations abz most common in the more flen 
ble cervical spine and at the lumbosacral amculation 
Cervical dislocations and spondylohsthests are de- 
scribed in the discussion of the neck (Section 1) and 
the pelvis (Section 5) 

Fractures 

Fractures may occur at one or more sites in a single 
vertebra, and more than one spinal segment may be 

Fig a 42 -Compression fractures of L 2 and (.-4 bodes in a 
boy 7 years of age There are no visible fracture lines The edges 
of the broken bodies are eornpressed and mushroomed beyond 
normal limits and the aittudes of the two affected bodes are 
d min shed There is a corresponding eipansion of the coni g 
uoua Intervertebral spaces Owing to expansion of the nucleus 
pulposus in each of the spaces against the weakened bodes 
The greater compression of the bodies in ventral axis produces 
the wedge-ihiped deformities The superior edge of the wedge- 
shaped body IS always d splaeed more than its infer or edge 



affected The vertebral body is fractured more fre 
quently than the arch As in other bones a simple 
fracture casts an irregular linear shadow of dimin 
ished density between the separated fragments The 
fracture line is usually obliterated and the overlap of 
the edge of the fragments may produce a border of 
increased density (Fig &42) Fracture lines m the 
venebral body are usually best visualized m lateral 
projections Fracture lines of the vertebral bodies 
which are invisible with standard technics m mulo 
pie positions often can be demonstrated in plani 
grams In crushing fractures the body is deformed by 
compression usually the body assumes thesbapeofa 
wedge The uitervenebra] disks usually escape injury, 
but they may be lacerated and become narrow owing 
to collapse of the nucleus pulposus In infants and 
children the normal vascular channels and persistent 
intersegmental cleft of the provertebrae (see Fig 9-8) 
should not be mistaken for fracture lines In adoles- 
cents the secondary ossification centers in the super! 
or and inferior annular epiphyses should not be con 
fused with marginal chip fractures (see Fig 9 9) 
External callus is rarely visible during the healing of 
fractures in the body 

Fractures of the arch and its processes are best vis- 
ualized in stereoscopic frontal lateral and obhque 
protections Planigrams axe also often helpful Frac 
lures of the spinous processes in the cervical and 
upper thoracic segments (Fig 9-43) can however be 
clearly seen in both frontal and lateral projections 
when the terminal fracture fragment is displaced 
caudad (Zanca and Lodmell) During the second dec 
ade of life, trophic changes In the dps of the spinous 
jirocesses of traumatic ongln simulate those of osteo- 
chondrosis juvenilis in other bones It is bkely that 
these changes represent necrosis following mechani 
cal injury Small fractures without displacement of 
the fragments can be satisfactorily identified only 
several weeks after the Injury when callus formation 
becomes evident Congenital defects are common in 
the neural arches especially In the inferior lumbar 
segments caudon should be used in the diagnosis of 
^ctures of the arches at these levels The normal 
secondary ossifleadon centers appear in the tips of 
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Rg 9>43 —Schema! c representat on o! fractures of the spi 
nous processes in the cervical and upper lumbar vertebrae A 
normal vertebra B vertebra w th tractured sp nous process In B 
the caudaMy d splaced fragment of the sp nous process (b) casts 
a separate image (a) in frontal pro|ection (From Zanca and Lod 
mell) 


the vanous processes of the arch during late adoles 
cence (see Fig 9 5) These normal epiphyseal ossicles 
have been mistaken for fracture fragments 
Tetanic convulsions may be responsible for com 
pression fractures of the vertebral bodies and second 
ary spinal deformity (Fig 9-44) Dietnch Karshner 
and Stewart found compression fractures in 70% of a 
group of children who had recovered from tetanus In 
Montevideo Bonabo and Pierom found similar residu 
al spinal changes in tetanus the upper half of (he 
thoracic spine was consistently affected m one or 
more segments The fractured bodies become flat 
tened and wedge-shaped they may be either rarefied 
or sclerotic The prognosis is usually good without 
senous later spmal deformity Destruction of the 
spongiosadue to hemorrhage appears to be an impor 
taut causal factor m weakening the vertebral body 
A specific type of distraction injury (fulcrum frac 
tutes) to the lumbar spine following injuries to per 
sons wearing the lap type of seat belts in automobiles 
has been studied by Smith and kaufer These injuries 
are charactenzed by marked longitudinal spreading 
of the adjacent injured neural arches behmd but 
with httle or no anterior compression and anterior 
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Fig 9 4S - 0 straction injury to two lumQar vertebrae is the enlarged longitud nally and ventrodorsally the intervertebral disk 

outstanding pattern of seat belt injur es A, the posterior elements is broken and wedged ventrad but the lumbar bod es themselves 

are widely separated w th 8l ght or no anter or compression The are intact although tpped counierdockw se (upper vertebral 

lumbosacral tasc a Intersp nous ligaments I gamenium llaviim body) and clockwise (lower vertebral body) C, the intervertebral 

posterior long tud nal ligament and joint capsules are all lac space is shallow ventrad and deepened dorsad (Figs 9-4S to 

erated B the neural arches of the two Injured vertebrae are 9 47 from Smith and Kaufer) 

spread longitudinal y the interven ng Intervertebral foramen is 

wedging of the vertebral body (Figs 9-45 and 9 46) Chance fractures-a horizontal sphttmg through the 
The causal mechanism for the fulcrum fracture is vertebral bodies and their transverse processes pedi 

depicted in Figure 9*47 Two of seven patients with cles lanunas and spinous processes without compres 

distraction injunes were 9 and 15 years of age Three sionof the body itself With the expected progressive 

older patients 23 19 and 40 years of age suffered increase in the use of lap belts the incidence of dis 


Fig 9 4S -Charietenst c spinal injuries associated with seat brai spaces end i gamentous damage B drawing of lateral rad 

belta A drawing of lateral radiograph wh ch shows freetureol the cgrapn win add t cnai avulsion Iractureollhedoraaledgeefthe 

articular process laceration of the dorsal segment of the nierver vertebral body from stress induced by the pester or long lud nel 
tebral disk and posterior widening of the oontiguous wderverte- ligament 
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Fig 9 47 —Mechanism of disftaction fracture Ifom seal belt d shad on force on the mtefscnnous I gaments. 0, hypertlexion 

injury A, in the usual flexion injury of an intact lumbar spine the around the normal transverse axis produces compression frac 

active force rotates the vertebral body countercfocKwise around hire of the anterior segment of the vertebral bod es wthout lac 

a transverse axis which passes through the nucleus pulposus eraton ol the intervertebral ligaments C. with hypertlexion 

The d stance from the transverse axis ol the anter or edge ol the around the belt the axis of flex on is far forward at the point of 

vertebral body (a) is one-fourth the distance from the transverse contact of die belt and abdom nal wall Anterior to the spine 

axis to the tip of the spinous process ( 0 ) Accord ng to the taw ot both bod es and neural arches are subjected to lens on stress 

leverage the anterior segment ot the vertebral body w II be sub- with laceration of the posterior I gaments and distraction ol the 

jected to a compression force four times greater than the stretch neural arches and bod es but no compression 
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tiacoon fractures of the lumbar neural arches and of 
chrome fractures will probably mcrease proporbon 
ately 

In adult epileptics the mcidence of fractures and 
compression deformities in the vertebral bodies has 
been reported as high as 66% and as low as 7% I 
have seen no detailed data on spinal fractures in ju 
venile epileptics it is probable that their mcidence is 
considerably lower than in adult epileptics ovnng to 
the protection afforded by the cncasmg layer of cam 
lage In male adult epileptics the incidence of spinal 
fracture is higher than in females ovnng to the 
stronger heavier muscles in males 
The prolonged administration of cortisone and cor 
ticotropin led to marked osteoporosis and then frac 
tures and compression deformities of the vertebral 
bodies in four patients studied by Curtiss and others 
One was a boy of 9 who had rheumatoid arthritis 
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Traumatic Lealons In the Disks 
In severe compression ftactures of the vertebral 
bodies the intervertebral disks may also be injured 
and the nucleus pulposus dispersed or displaced Di 
rect injury to the disk may be due to penetrating 
wounds of the vertebral column Beadle etted a case 
in which a long nail was dnven mto the spme at the 
third lumbar level and the intervertebral disk split 
The commonest cause of direct injury to the disk in 




Fig a 4S -Loss of loisrveneoral 0 ik spaes (irrowi) bstwron 
T 9 and T 10 bod as attar a boy t2 yaars ol aga had nju ad h a 
back 00 a t ampoi na H s back baeama pa oM Results of lubar 
cul n ak 0 lasts wa a negst va (Courlasy of Dr Arthu Rob nson 
D^ar Colo) 


infants and children is lumbar puncture when the 
needle is pushed the entire width of the spinal canal 
and beyond antenorly into the disk Dunng early life 
when the nucleus pulposus is largely fluid much of 
the nucleus may be aspirated back into the needle or 
may leak mto the surrounding tissues Thinmng or 
obliteration of the affected intervertebral space may 
follow (Fig 9-48) The adjacent vertebral bodies may 
be injured or infected at the same tune Symptoms of 
lumbar pain limitation of motion and weakness of 
the back may appear immediately or as late as two 
weeks after the lumbar puncture The normal lumbar 
lordosis IS usually lost and In severe cases actual 
kypbosis may develop Injuries to the Intervertebral 
disks used to occur most frequently after repeated 
lumbar punctures made for the intrathecal injection 
of therapeutic serum in the pre-antibloQC era. 

Prolapse of the nuclei pulposi through the articular 
plates into the spongiosa of contiguous vertebrae is 
discussed with adolescent kyphosis 
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Protrusions of the intervertebral disks and their n« 
clei pulposi into the spinal canal and onto the spinal 
nerve roots have apparently not been demonstrated 
as a cause of back pain m infants and younger chil 
dren In older children and adolescents the typical 
disk syndrome has been found and demonstrated 
anatomically in several cases (\Vahren Key Webb 
and MacGee) The youngest patient reported was 3 
years of age The lumbar disks have been most fre 
quently affected These lesions are usually in the 
lumbosacral level especially at the fifth lumbar disk 
with compression of the root of the first sacral nerve 
In such cases plain films of the spine show normal 
findings Opaque myelography is helpful in diagnosis 
but many cases have been explored and found surgi 
cally ivithout benefit of radiologic observabons Boys 
are more frequently affected than girls 
Trauma alone can result m marked thinnmg of the 
intervertebral space (Fig 9-49) 
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Traumatic Disorders of Growth 
Trauma is undoubtedly a cause of growth distut 

bances m many infantile and juvenile spmes Durmg 

normal activity the vertebral column is subjected to 
recurrent stresses of considerable magnitude Trau 
mane interference with the blood supply may lead to 
a suppression of growth and ischemic necrosis of the 
vertebral body (see Fjg 8-570) Trauma to the inter 
vertebral disks may injure the nucleus pulposus and 
interfere with its normal water cushion function 
which provides for even distribution of force to the 
adjacent vertebral surfaces the post traumatic «n 
even transmission of force results m vertelral and 
spinal deformities The exact role played by mild re- 
peated trauma in growth disorders of the spine is 
difficult to evaluate accurately because recurrent in 
conspicuous nevertheless significant trauma may 
not be recognized by the patient or his parents and 
may even be demed by them 


Vertebra Plana (Calve) 

Hiis lesion resembles coxa plana m some respects 
The cause has not been proved conclusively anteced 
ent trauma has been noted in some cases and infection 
has preceded the onset m others Ischemic necro- 
sis IS the traditional causal mechanism for weaken 
ing and eventual collapse of the vertebral body Usu 
ally a smgle vertebral segment is affected Vertebra 
plana has been found in children from 2 to 15 years 
of age Many believe that idiopathic vertebra plana is 
often due to unrecognized eosmophihc granuloma, 
and there is substantial evidence to support this view 
It would be well to consider vertebra plana as eosino- 
philic granuloma in ongm until proved otherwise 
"Die spine should be examined and vertebra plana 
looked for m all patients with reaculoendotheb^ dis- 
ease of all types I have seen vertebra plana m Let 
terer Siwe disease 

The diagnosis is established m the roentgen exanu 
nation The principal findings are collapse and sclero- 
sis of the vertebral body the adjacent mtervertebral 
spaces ate chaiactensbcally normal or increased in 
depth (Fig 9 50) In severe cases the sclerosed verte- 
bral body 1 $ flattened to a thin disk (Fig 9 51) The 
pedicles on one or both sides may be partially de- 
stroyed dunng the destrucuve phase of the disease In 
the pauem of Weston and Goodson destruction of the 
vertebral body was exceedingly fast roentgen ap 
pearance changed from normality to almost complete 
destruction of body and pedicles dunng 15 days and 
the vertebral body was compressed into a thin hoil 
lontal wafer after six weeks 

Fig 9 50 CalvOs local zed osteochondr t s verteb ai s in a 
boy 4 years of age The L 3 body s flattened sclerot c and 
lengtbenett veni ad The nterverteb al spaces in eont ast are 
appa endy not affected Lumbar pa n had been present for s x 
months when ih s f Im was made (From Fawcett ) 


’ gi/. i' WJi Br t 
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cephalocaudad into a hairTlne opaque 
d sks which retain the r normal depths 
reproduced) there was a spindle shaped per spinal image of water 
dens ty wh ch resembled the perisp naf swel ings of tuberculous $p nes 
It seems probable that most if not all eases of Id opath c vertebra 
plana (Calvd s d sease) are caused by destructive eosinoph I c 
granuloma and not by Ischemic necrosis (luvenile osteochondrosis) 


Lp 
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Vertebra plana resembles tuberculosis of the body 
except that sclerosis is uncommon in the latter In 
eosmophtlic granulomas of the spine there may be 
large and small penspinal swellings which simulate 
the penspmal abscesses of tuberculosis of the spme 
(Fig 9 52) 

Restoration of the body may begin after several 
months (Fig 9 53) but the deformity may persist for 
years Frapp made long follow up stud es of vertebra 
plana and found that the d seased vertebral bodies 
were restored to nearly normal shape and density aft 
er periods of 12 22 years (Fig 9 54) None of his pa 
tients received radiation therapy or eorticostero d$ 
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Adolescent Kyphosis (Scheuehmann 
S cHMORL Disease) 
Scheuermann called attention, in 1921, to kyphosis 
in adolescents associated with fragmentation of the 
epiphyseal ring, flattening and wedging of one or more 
vertebral bodies m the lower thoracic and lumbar 
levels and progressive deformity of the spine He 
called this syndrome kyphosis deformans juvenilis in 
the behef that it was similar pathogeneticaDy to 
Perthes’ disease in the femur and Kohler’s disease in 
the tarsal scaphoid Scheuermann hypothesized that 
the pnmary cause of the lesion was a disturbance m 
epiphyseal growth due to injury and ischemic necro- 
sis of the marginal epiphyseal cartilagmous rings 
which nm the cartilagmous plates on the upper and 
lower edges of each vertebral body The disorder has 
become known as Scheuermann’s disease 
In Schmorl’s comprehensive studies of the spme, 
adolescent kyphosis was found to be due to an entire- 
ly different mechamsm— protrusion of the nuclei pul 
posi mto the marrow cavities of the neighboring vei 
tebral bodies with narrowing of the intervertebral 
space or spaces between the affected bodies (Fig 9- 
S5) According to Schmorl the onset and progression 
of vertebral destruction and wedgmg are caused by 
excessively heavy stresses on the articular plates 

Flfl 9-SS -Anatomic changes in adolescent kyphosis 
(Schmorl type] The disks are deformed and (he vertebral bodies 
wedge-shaped Schmorl s nodes protrusions o< the nuclei pul 
poll Into the ipongiosa of the adiaceni bod es are seen at sever 
al levels. (From Beadle ) 



which permit the nuclei pulposi to break through 
these plates and extend mto the vertebral body itself 
Dunng adolescence, these traumatic stresses are due 
to vigorous athletic exercises, heavy manual labor 
and habitual bendmg postures which weaken and 
break healthy cartilagmous plates In many cases, 
however, these lesions develop m children who have 
undeigone only normal activity, and m them it is be- 
lieved that the caitilaginous plates are congenitally 
weak. Schmorl expressed doubt that the so-called 
epiphyseal tings had anythmg to do with longitudinal 
growth of the vertebral body 
The work of Ehrenbaft and of Bick and Copel con 
firmed Schmorl’s view that longitudmal growth of the 
vertebra is exclusively the function of the cartilagi 
nous plates, which are the counterparts of the pn’lif 
erating cartilage and the provisional zones of calcifi 
cation m the tubular bones Actually the “epiphyseal 
rings he outside the zones of growth In the vertebral 
bodies external to the growing cartilaginous plates 
Ehrenhaft concluded that m adolescent kyphosis 
nuclear prolapses mto the body may occur at several 
Sites m different bodies or m a smgle body, and this 
produces the uneven growth and margmal defects It 
also causes a shift in the load on the vertebral body 
toward the ventral segment of the cartdagioous plate 
where growth is disproportionately retarded and 
wedgmg followed by l^hosis, develops Fragmenta 
Uon of the “epiphyseal ' nng is a secondary compres- 
sion phenomenon according to this hypothesis 
In careful roentgen studies Begg found Schmocra 
nodes common in adolescent spmes in the lower dor 
sal and lumbar segments He concluded that these 
nodes develop oivmg to congemtal weaknesses in the 
cartilage plates at the sites of the notochordal canals 
FoUowmg herniation the loss of the nuclear material 
impairs the normal cushioning effects of the disk so 
that the stresses of weight bearing are not evenly tJis- 
tnbuted over the faces of the opposing vertebral 
bodies The xesultmg ahoociaal pressures become 
greatest on the anterior segments of the bodies be- 
cause the posterior segments are protected by the ar 
ticular jomts which maintain the mtervertebral 
spaces posteriorly and at the same tune promote ex 
cessive pressures and compression deformities ven 
trad It IS the anterior compression wedging ivhich 
leads to juvenile kyphosis or Scheuermann’s disease 
PlanigraiDs of the spine will disclose nuclear henna 
Hons which are mvisible in standard films when the 
herniations are centrally located Begg’s article 
should be read in detail by those mterested in the ra 
diologic study of the adolescent spme 

Bick and Copel m their study of normal spuics 
found that longitudmal growth of the vertebral body 
is similar to that lit the long tubular bones They con 
eluded that the ' epiphyseal rmg is a cartilagmous 
nng which ossifies and fuses with the body but does 
not contnbute to longitudinal growth in much the 
same way as an apophysis fuses with a long bone but 
does not increase its length. They implied that ‘ epi 
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Fig 9 S6 -Adoe«Gent kyphosa (Sehauarmann typ«) whch C prc 9 r«aaivc ehangea at 13 and iSyearareapeetvely All of the 

developed in a nonfubereuloue child in the absence of recog changes can be e<pia ned on the basis of anterior hemiai on of 

nized trauma A at 11 years the intervertebral spaces are nar the iniervenebral d sks lo lowed by local compraasion atrophy of 
rowed and the bodies of T 6 and T 7 vertebrae show notched com guousvenebrai bod es 
deformities on their anterior rnarg ns kyphoss <s evident Sand 


Fig 9 S7 -Marginal OMructOfi 01 vertebral bodies 
of L 3 and L 4 w tn narrow ng of the intervertebral 
space in an infant 14 months of age four months after < 
fall from a highcha r Repeated tuberculin tests in 
Increased dosage gave negat ve results There is no 
ityprtosis- rrtirrju'iJilryn.-olanges’irnfeiTri'arftrtttiwriii 
Scheuermann s d sease In adolescents before the 
appearance of kyphosis A frontal and B laterat 
projections 
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physeal nng is a misnomer and should be changed 
to vertebral nng 

Brauer studied the spines of contortionists and 
found changes similar to those in Scheuermann s 
disease m them which he attnbuted to traumatic 
injury to the mtervertebral disks without herniation 
of the nuclei pulposi He beheved that juvenile ky 
phosis is due to congenital defects m the intervene 
bral disk 

The pathogenesis of adolescent kyphosis is still con 
iroversial There is httle evidence to sustain Scbeuer 
mann s hypothesis of injury to the epiphyseal nng as 
the primary causal factor Many cases are surely due 
to injury to the intervertebral ^sk and hemiabon of 
the nucleus pulposus There are also however many 
cases in which there Is no radiologic evidence of miu 
ry to the cartilaginous nng or to the mtervertebral 
disk It IS probable that Scheuermann s syndrome can 
develop from more than one pathogenetic mecha 
lusm. Ferguson believes that persistence of the ante- 
rior vascular grooves makes mdividuals susceptible 
to progressive collapse of the vertebral bodies 

The principal radiologic hndmgs Include progres 
sive narrowmg of the mtervertebral space deep irreg 
ulanties on the edges of the vertebral body some 
times even on the ventral edge Schmorl $ nuclei m 
the vertebral body wedging and kyphosis (Fig 9 56) 
These changes are usually located m the lower dorsal 
and upper lumbar segments Knuttson found that 

Rg S S8 -Adolescent kyphosis (Seheoermarn s d sease) n a 
g Ml years of age The body of T g vertebra s ftattened and 
wedga shaped w th deep marg nal delects on ts supe or edge 
The ntervenebrai spaces above and below T 9 a e na rowed 
and early kyphos s sevdent A, frontal andB lateral pro act on 



actual fusion of the edges of the affected bodied in 
their ventral aspects with complete obhteration of 
the mtervertebral space was a late comphcation m 
some cases It should be emphasized that similar 
changes m the spme may be found long before ado- 
lescence during earher childhood and even during 
infancy (Fig 9 57) The lesion may also be demon 
strated radiologically without kyphosis especially 
when a single vertebra is involved (Fig 9-58) The 
vertebral rmgs during adolescence usually calcify m 
irregular segments and these normal marginal irreg 
ulanties should not be used as evidence of osteochon 
dntis juvenilis of the spine 
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Habitual Idiopathic Scoliosis 
This IS an exceedingly important disorder of the 
growing spine which we cannot discuss adequately 
owing to the limltaoons of space The reader ts re 
ferred to orthopedic texts for more comprehensive 
and detailed descriptions There are four basic 
changes in the radiologic findings transverse shift of 
vertebral segments contracture of the entire spuie 
unilateral compression of the vertebral bodies on the 
inside and at the apex of the curve or curves and ro- 
tation of vertebral segments Muscular unbalance is 
an important causal factor many so-called idiopathic 
cases ate due to unrecogmzed postpohomyehtic mus 
cular paralyses and weaknesses Dunng mfancy 
hemivertebra is a common cause of habitual scoho- 

Scoliosis which begms dunng childhood usually 
progre s ses to severe and disabling deformities in 
contrast the scoliosis which begins dunng adoles 
cence ofteci remains moderate 

Chronic Hypoxia 
The entire skeleton especially the calvana, may be 
Sickened and dense as a result of long standing by 
pona due to cardiac failure In one pabent we found 
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a peculiac patchy sclerosis of the vertebra! bodies 
(Fig 9-59) 

Scoliosis IS associated with congenital heart disease 
In substantially higher incidence than in the general 
juvenile population Scoliosis has a higher incidence 
in cyanotic congenital heart disease than in congeni 
tal acyanotic heart disease The causal mechamsm of 
the scoliosis 18 not known Thoracotomy of course 


may be responsible for scoliosis in patients treated 
surgically 
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Calcification of Intervertebral Disks 


Galcific*.tion ot intervettehral disks is not uncotn 
mon bi aduics and is usu^y considered a sign ol 
generation with calcification, due to normal agtfig 
without specific clinical or anatomical significance 
The incidence in infants and children is relatively 
small, although calciferous disk lesions are beuig 
detected in them with mcieasing frequency MeUiick 
and Silverman found 48 examples in the literature 
and added five personal cases There are, of course, 
countless cases which have not been recorded Usu 
ally, excepting the neck, there are no associated local 
chiucal signs Calcifications have been found in all of 
the components of the disk-in the cartilage plates 
the nucleus pulposus and the annulus fibrosus (FiS 
9-60) The lesions may be single or multiple at differ 
ent levels of the spine, with the highest incidence « 
the mtdthoracic levels Disk calcifications have been 
most extensive in alkaptonunc ochronosis Transitory 
disk calcifications have been reported in poisonihS 
due to vitamin D 

Radiologic examination shows images of calcium 


density m the normally ladiolucent intervertebral Us 
sues tF ig Si hlV In two projections one can differen 
tiate central and penpheral calcifications (Fig 9 62), 
but one cannot identify accurately the exact compo- 
nents of the disk which carry the hme The edges of 
the vertebral bodies adjacent to the calcified mass are 
usually bent into the vertebral body In two of our pa 
tients, 22 months and 5 years of age, the prevertebral 
tissues were calcified in a pecubar “bull’s eye" pat 
tern (Fig 9 $3) The climcal signs of fever, and pain 
and stiffness in the neck disappeared after two to 
three weeks and the calcifications after several 
months The lesions may be permanent or transitory 
The latter are in the cervic^ spine and are usually 
associated with local pain 
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Rg 9 60 -Schematic drawings of the normal inierverteb'a' a"'* ' fusion with the vertebral body (Courtesy of Dr Frederic 

d sh A, before the appearance of ossification centers »n cartila9' N Silverman Cincinnati J 

nous vertebral rings. B, after ossification ol the vertebral nogs 
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Pfg 9 81 -Calcilieat on of the nuc’aus pufposus m ih« ih rd Fig 9 83 -Calcification ol mtarverte&ral d sk batwaan T*4 
and fourth intervertebral diska of an acyirtpiomatic girl II years and T $ cl an asympiomat e boy 5 years of age In A. frontal 
of age A, frontal and B| lateral proiections proieci on the central nucleus puiposua appears to be sol dly 

calcifed wtn two lateisi caieiied wngs which extend laterad 
into the fbrocart tags of iha disk In B lateral project on emiar 
w ngs extend venirad and dorsad Into the f broeart lage 


Fig 9 63 -Id opath c transitory local calcifications in thepre* 
vertebral I gaments and ventral segments of the intervertebral 
d sks of the cervical spines of two young ch Idren who had fever 
and pa niul tender rtecks In both the elm cal signs d sappeared 
alter a few weeks and the calc f cations after several months A, 
in a boy 22 months ol age most ol the ca c f catiorr is in front ol 


a boy S years ol age there is a s ngla locus of calcil eat on w ih a 
bull a eye pattern which seems to lit into the ventral sagment 
of the Intervertebral d sk in both cases the calcilerous masses 
were in or near the m dsag nal plane ot the spine and react ons 
to the tuberculin sk n test we e negative There is a notable lack 
olthcken ng of the soh Issues at the levels of the calcif cations 



Diseases Involving Vertebrae 


Infections 

Nontuberculo^js 

Nontuberculous infections of the spmal colunu) 
are rare dunng infancy and childhood age penods 
when osteomyelitis occurs most frequently m the long 
bones When one or more of the long bones are infect 
ed during staphylococcic and streptococcic bactere- 
mias the spine almost invanably escapes concurrent 
infection In rare instances however the vertebrae 
are affected and a wide variety of organisms may be 
the causal agent staphylococcus streptococcus Ba 
etllu$ typhosus and paratyphosus poeumococciis 
meningococcus Brucella mehtensis and other organ 
isms Infection of the vertebrae produces the sanie 
basic changes as in other bones namely bone de- 
struction and bone production singly or in comblna 
non and m a variety of patterns Dunng the early 
stage of the acute infecnons destructive changes 
predominate later producuve changes appear In the 
low grade chrome infections productive changes are 
the rule throughout the course of the disease Either 
the margins of the bodies or their central portions 
may be infected first and collapse of the body or the 
intervertebral disk may occur early or late during the 
infection The penspmal soft tissues may be thic]( 
ened from abscess formation or fibrosis The roenigvn 
findings m the different kinds of spondylitis are sutu 
lar and a differential etiologic diagnosis from the 
roentgen findings alone is uncertain 
Spondylarthritis in children was described as a 
special entity by Saenger it includes low grade fever 
and infection of the intervertebral disk and contig 
uous vertebrae This entity has not been proved bac 
tenologicaUy or anatomically but was presumed be- 
cause of the constitutional signs of infection AH Pa 
Cents complained of pain in the lumbar region or oce 
hip and the lumbar spine was stiff and tender to py 
pation Three of Saenger s four patients had suffer^ 
trauma. It is possible that trauma served to locab%e 
the infection in the lumbar spme Collapse of the in 
tervertebral disk is said to be much more rapid fa 


these cases than in Scheuermann Schmorl disease 
Diagnosis depends on the radiologic findmgs which 
include narrowing of the mtervertebral space and 
marginal desmicbon of the contiguous vertebral 
bodies Sclerosis of the affected bodies is common lat 
er(Fig 9 64) Jamison and colleagues concluded that 
these lesions are self limited complete recovery oc 
curred m their six patients treated with antibiotics 
although narrowmg of the disk spaces persisted 
Menelaus in contrast found fusion of the contiguous 
bodies to be a common sequel Milone and co-workers 
cultured material obtained by needle biopsy of the 
spinal lesions in five patients and recovered staphylo- 
cocci m all five In Moes s cultures from five patients 
two yielded staphylococci Brucellosis has been nei 
ther proved nor saosfactorily excluded as a cause 
Lascan and associates found the disease to be self 
hmited and recommended antibiotics and bed rest for 
treatment 
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Tuberculous Spondylitis 
Tubercuiosis^o^the vertebrae Is by far the common 
est vertebral infection it may become manifest dur 
mg the early stages of the primary pulmonary infec 
tion or years later after the primary infection has 
subsided in the lungs One or several segments may 
be involved at any level of the spme the cervical and 
sacral portions are least commonly affected Tubercu 
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Fig 9 94 -Scl«rosisand marginal daslructionol thever 
iabral body with narrowing of th« iniarvarta&rai disk in a girl 14 
yeara of age The lumbar aegment of the back waa atift and (end 
er but there waa no deformity The pat ent had a low grade fever 
The clinical and radioing e find nga are auggeat ve oi apondy 
loarthrit a but th a d agnoaia waa not proved anatomically or 
baeterioiogicaiiy 

Fig 9 65 (canter) -Tubereuioaia of the ap no marg ttal type 
In a boy 3 yeara of age draw ng of a roenigenogram The bod ea 


of the T tl and T 12 vertebrae ahow deatruetion and eompraa 
$ion ol the r lower and upper marg na the intervening intervert^ 
bral apace la obliierated 

Fig 9 aairight) -Tubercuioaaof L 3 L 4 and L S vertebrae In 
a patent 2 yeara of age The intervertebral apace la narrowed 
between the L 3 and L 4 vertebrae the apace between L 4 and 
L 5 la much w der noiw thsiand ng eoltapae of the contiguoua 
vertebral bed ea above and below Draw ng of a roentgenogram 


loals la chaiactenabcally linuced to the bodies but on 
rare occasions the neural arches may be Infected 
The macroscopic anatomic and the roentgen find 
Ings In tuberculosis are characcenzed by destructive 
changes in the vertebral bodies destruction of neigh 
bonng intervertebral disks and formation of paraspi 
nal abscesses Osteoblastic changes are care early ui 
the disease but may appear later Usually the destruc 
tive changes first appear on the upper and lower 
margins of the vertebral bodies and the adjacent in 
tervertebral spaces are narrowed or obliterated (Fig 
9 65) Less commonly destruction and collapse of the 
body develop before the intervertebral space becomes 
narrow (Fig 9 66) When the infection enters the ver 
tebral body through the anterolateral arteries the 
anterior portion of the body is destroyed first The an 
tenor margins of the bodies may also be destroyed 
from secondary extension by contiguity from an over 
lying paiaspwial abscess <hose ln'*ction originated in 
bodies one or more segments dlsca^ic The paraspinal 
abscess itself casts a fusiform or rounded shadow of 
water density which is best visualized in the thoracic 
levels where the air jUed lungs provide contrast 
density (Fig 9 67) The shadow of the paraspinal ab- 


scess may become visible before the destructive 
changes in the vertebral bodies are evident In long 
standing cases paraspinal and psoas abscesses may 
become calcified (Fig 9-68 and see Fig 4 9) 

The roentgen findings of tuberculosis of the spinal 
column resemble those of nontuberculous infeebons 
and of several noninfectious spinal diseases There 
are no pathognomonic roentgen changes in tubercu 
lous spondylibs and a conclusive diagnosis cannot be 
made from the roentgen findings alone Destruction 
and deformities of the bodies narrowing and obbtera 
tion of the intervertebral spaces and paraspinal swell 
Ing of the soft bssues are all common to many spinal 
disorders In particular narrowing of the interverte- 
bral space is not produced by tuberculous inflamma 
tMn alone but is also characteristic of purulent spon 
dyhbs fracture, protrusions of the nuclei pulposi 
(Schmori s disease) juvenile and adolescent kyphoses 
and spinal injuries due to lumbar puncture The com 
pression defomuUes in tuberculosis do not differ from 
the compression deformibes found in other conditions 
Sclerosis is rare early in tuberculosis but Is also rare in 
adolescent kyphosis and fracture Paraspinal abscess 
is common In tuberculosis but paraspinal soft tissue 
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Rg 9 69 - Rheumaloid arthr tis of the cervical $p ne A. 

at 6 years of age early desiruct on of the art cuier cart lages be* 
tween the art eular processes of C 2 and C-S is already evident 
but the eart lagmous spaces are still vis bie roentgenograph 
ically B, at SVi years with complete destructon ot me same 
cart tages and bony fusion o1 the art cuiat processes between the 
C-2 and C 3 vertebrae The t ndmgs now s mulaie congenital la i 
ure of segmentation of lha naural arches The intervertebral d $iis 
between the affected vertebrae ere in contrast normal roentgen 
ographeally 

Pig 9 70 (tight) - Sony fusion ot all (ha artcular processes of 
the eery cal ap ne of a g rl 9 years of age who had had rheuma 


to d arthnt s and a pa nful cerv cal sp ne for over f ve years The 
can lagmovs loint spaces between the an eular processes have 
been obliteraied by bony ankylosis following complete destrue 
lion of the articular can lages between the art eular processes 
Without me history these acQUired rheumatoid fusions of the 
neural arches might be m slaken for congenital ta lure Of leg 
mental on ol tne arches It is noteworthy that the eynehondrosas 
between me vertebral bod e$ the intervertebral d sks are not 
alfected This is a dear oemonstrit on ol Ihe spec at vulnerability 
of the t ssues of the true joints to rheumatoid d saase in the pres 
enoaof apparent immumry ol the tissues of lha synchondroses 



swellings also are found in purulent spondybtis neo- 
plasms vertebra plana and leukemia 

^^HEUMATOID ARTHRITIS 

Spinal lesions are not uncommon m juvenile rheu 
matoid arthritis especially in girls Barkm and col 
leagues found radiographic evidence of spinal m 
volvement m 70% of juvenile artbnlics In our expen 
ence rheumatoid lesions are common at the cervical 
levels of the spine m younger children and lesions 
and clinical signs at the sacroiliac levels are rare The 
cervical spine is often the first site affected before 
there is any evidence of the disease in the more pe 
npheral joints of the extremities The true joints be- 
tween the articular processes show the most marked 
roentgen changes in contrast the synarthroses and 
particularly the intervertebral disks show surpnsing 
ly little roentgen change even in the presence of com 
plete destruction of the articular cartilages of the ar 
Ocular processes 

As in the other true jomts rheumatoid disease pro- 
duces m the spine soft tissue swellings destruction 
and obhteration of the articular cartilages and their 
cartilage spaces visible in the roentgen film general 
ized rarefaction of bone and localized subchondral 
necrosis of bone After complete destruction of the 
cartilages and bony fusion of the articular processes 
the rheumatoid changes in the cervical spine may 
resemble congenital failure of segmentation of the 
neural arches (Figs 9 69 and 9 70) In Figure 9 71 
the cervical spine is normal at 2 years of age before 
the onset of cervical rheumatoid arthnus at 9 years 
of age and after slx years of rheumatoid disease the 
diathroses are fused and suggest congenital failure of 
segmentation 

Baggenstoss found that the inflammatory granulo- 
mas of rheumatoid arthntis sometimes break through 
the walls of the vertebral bodies and weaken and par 
tially destcQX them so that compression defomuttes 
develop which cannot be differentiated radiologically 
from destructive lesions of tuberculosis and neo- 
plasms All of his four patients were adults 
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^ Syphujs 

In early infantile syphihs McLean found zones of 
increased and dimimshed density in the upper and 
lower margins of the vertebral bodies which resem 
bled syphilitic osteochondntis in the long tubular 
bones However he described no destructive chauges 
in the vertebral bodies The apparent immuraty of the 
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mfanule spine to destructive syphilitic changes when 
extensive destructive changes are present in sev^rsl 
other portions of the skeleton is a stnking featur® 
early infantile syphilis and is m marked contras^ 
the vulnerabihty of the vertebral column to mfajibl® 
and juvenile tuberculosis 
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Hypovitamlnoses 
^Vj^AMIT^ D 

During the early phases and in the milder cases of 
nckets the vertebral changes are limited to a sUSht 
generahzed osteoporosis In more severe cases ill® 
osteoporosis is more marked the vertebral bodies ^ 
thin and the intervertebral spaces are widened Ct’™ 
pression deformities of the bodies are rare and do 
appear until late in severe cases During healiiiS 
marginal lines of increased density appear on il^® 
upper and lower surfaces of the vertebral bo^i®^ 
which are analogous to the posttachiuc transve^® 
Imes m the long tubular bones 
Spinal curvatures develop only In the more sev®re 
cases and are due primarily to muscular weakn®^^ 
and relaxation of ligaments deformities of the tho- 
racic cage are often associated with the spinal 
fomuties Kyphosis is the commonest spinal defotfoi 
ty usually several segments in the lower thoracic 
upper lumbar levels are affected Rachitic kypho.*i® 
which appears after the infant begins to sit 
forms a long shallow curve m contrast with the n^ 
TOW deep angulation of Pott s disease Rachitic si^o- 
hcJIbv isA wt'stAOTj Vi 
deformities in the pelvis and lower extremities 


VlTAMijl C 

In scurvy there is rarely any clinical evidence of 
spinal mvolvement and the roentgen signs in the v®^ 
tebral column have not been adequately desenb®** 
Inasmuch as scurvy interferes with endochondf®l 
bone formation at all sites m the skeleton where h 
has been studied it is probable that a similar mterf®^ 
ence operates in the growth zones in the vertebrae I 
have swn spinal ngidity and regional spinal tend®* 
ness ui a scorbubc infant which were promptly cui®^ 
by the adnurustration of orange juice Roentgeno- 
grams of the spine unfortunately were not made 
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Marginal Lines 

Bands of increased density form on the upper and 
lower edges of the growing vertebral body under the 
same conditions in which Parks transverse lines 
appear m the ends of growing long bones In the ver 
tebral body however the line foimanon is not as rap- 
id or as marked owing to the limited slow growth in 
each segment of the spine In experimental bismuth 
poisonmg heavy marginal Imes have been produced 
m the vertebral bodies of young dogs 
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Endocrine Disorders 

The maturation of the spme may be delayed or ac 
celerated by endocnne dysfunction m the same way 
that the maturatloii of the long bones is affected In 


hypothyroidism the development of the spine is re- 
tarded and individual vertebral bodies may be de- 
formed (Figs 9 72 and 9-73) In some of our cretins 
the spmal kyphosis persisted after treatment when 
there were good results in all other parts of the skele- 
ton In the adrenogenital syndrome and m bypergon 
adism the maturation of the spine is accelerate 
In Cashing s adrenohypophyseal syndrome the 
vertebrae are conspicuously and disproportionately 
demineralized and often show mechanical compres- 
sion deformities common to all types of weakened 
venebrae Expansion of the nucleus pulposus in the 
conbguous intervertebral disks compresses the verte- 
bral body between them so that the central segment 
of the body is narrower than its edges— the so-called 
codfish vertebra which casts an hourglass-shaped 
shadow m lateral projection In some cases the nude 
us pulposus may actually break through the vertebral 
plate and protrude mto the vertebral body and form a 
ScYnnor) node in It Cumss et ol found multiple fiac 
tures and compression deformities m patients given 
prolonged courses of cortisone and conicotropin one 


F g 9 72 (IcH) —The vertebral column ol a hypothyre 0 black 
boy 3 years of age Maturat on of the verteb ae <s leta ded and 
the L 1 body is hypop'ast c The e are compensatory hype pias a 
anddeform tyoftheanterorport onoftheL 2body Thekyphotc 
deform ty pers sted deep te long cent nued and otherw se eHec 
tve thyrod therapy In the I2ih year marked kyphoss spon 



dyiol sthes s and vertebral deform ty we o st II e» dent (see F g 
S-SO) 

F3g e 73 (right) -Infant Ism ol the verteb al column in an un- 
treated hypolhyre d g I 6 years of age The vertebrae have the 
oval ante ody notched bod es character st e of the 1st year of 
I le The arrows are a rected it an open neurocentral synehon 
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of their patients was a boy 9 years of age Gio« t j of 
the long bones is retarded or ceases m advanced 
cases Opaque renal stones are not uncommon m 
Cushing’s syndrome 

Uyperparathyroidtsm produces essentially the 
same basic changes in the vertebral bodies as m the 
long bones The decalcified and weakened bodies 
usually show the compression defomuhes character 
istic of all weakened vertebral bodies During infancy 
and before weight bearing by the spme there roa> be 
no compression deformities even in the presence of 
marked demmeralization of the vertebrae and the 
long tubular bones (see Fig B-823) 
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Reticulosis 

One or more of the vertebrae may be affected m 
cholesterol reticulosis (Schuller Chnstian) eosmo* 
philic granuloma (Fig 9 74) and Gaucher s kerasin 
reticulosis The hyperplastic granulomatous tissue 
replaces bone and produces venebral defects m roent 
genograms Collapse of the vertebral bodies and spi 
nal curvature may result The intervertebral spaces 
usually retain their normal width, even in the pres 
etice of extensive destruction in conttguous vertebrae 
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Hemolytic Anemias 

Sickle cell anemia in adults often causes changes 
in the vertebral bodies, compression deformities with 
correspondmg widemngs of the intervertebral disks 
develop owing to demineralization and weakening of 
the vertebral bodies The lower thoracic and lumbar 
segments are most frequently affected Legant and 
Ball observed necrosis of lumbar bodies, presumably 
caused by infarction and ischemic necrosis, m n 
black pauent 30 years of age who had sickle cdl 
anemia. Vertebral lesions have not been reported in 



Fl9 9 74 -Eosmopblie granuloma of tha spine of a girl 2 
years of age who had mult pie eosinophilic granulomas in the 
skull ribs peiv c bones and in the bones in the extrem t es Tha 
bodies of T 2 T 6 and T 9 show massive destruct on with com 
pression deform lies 

the loeotgen studies of juvenile sickle cell anenua, so 
far as I know 

Cooleys erythToblostic anemia —All parts of the 
vertebrae become osteoporotic and coarsely reuculat 
ed The vertebral bodies tend to be hypoplastic with a 
relative elongation of theis oephalooaisdal axes Com 
pression deformities are surprisingly rare However, 
in one case we did find multiple destructions and 
compressions of vertebral bodies in the lower dorsal 
and lumbar levels of a girl 17 years of age She had 
enormously enlarged hver and spleen and suffered 
from chronic hemochromatosis It was beheved that 
the excessive drag of the heavy hver and spleen may 
have been a causal factor m the vertebral fractures m 
this case 
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Leukemia 

Destructive and productive changes similar to 
those found m the long bones, may also develop in the 
qnnal column in leukemia. In the case of severe de- 



Fig 9 75 — Osteo d osteoma (m croscop e d agnoss) of trie 
rghtpedcle lam na supe o and nfe or a t cuiar p oeesies 
and the tranaverae p ocess of the L 3 verteb a ol a g rt 10 years 
of age who had had severe tow back pan at right for two 
months A frontal and B late at p ojeetons The sole ote 


Fig 9 76 Dost uet on of vertebrae by Intrasp nal neu oblas 
toma A exlens ve destruet on of neu ai a ehes ol the verteb al 
bod ea ol L 3 to L S w th collapse of the body ol L S ot an Iniant 
S months Of age B part al deal uet on and collapse (arrows) 
w th sele os s of the left s de of the vertebral body of a ch Id 6 


changes (arrows) a e conf ned to the r ght s de of the neu at 
and a e better demonst ated n latera project on (B) The 
nous process s not affected The n dus was not demons! 
rad ograph caliy 


yeasolage The lateral arrow po nls too pa asp naf swa n 
son Issue at ihe same level C b istera eo lapsaand sole os 
T 6 verteb al body of a boy 5 yss s of age w thout parasp 
sonissueswe ng 



strucuon and weakening of the bodies they collapse 
and assume wedge-shaped or biconcave conoiis 
According to Hildebrand leukemic changes in tpe 
spine may be visible radiologically months before 
clinical manifestations become evident 
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Cysts 

Extradural cysts in the lumbosacral levels are a 
rare cause of low back pain m children They arc 
cbaiactenzed radiographicaUy by defects in tbe d<R 
sal segments of the contiguous vertebral bodies 
which produce local expansions of the spinal canid 
The studies of Elsberg Indicated that most of the eX 
tradural cysts in the rmdthoracic levels occur in pa 
tients younger than 20 years 
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Neoptasnta 
Primary Lesions 

Primary tumors of the vertebrae are rare m infants 
and children Osteogenic sarcomas cause extensive 
destruction of the bodies and neural arches fragmen 
tanon and collapse of the body and spmal curvatuf* 
may follow A paraspmal neoplasuc mass may cast a 
paraspmal shadow of water density which resemble* 
the shadow cast by a paxaspinal tuberculous absces* 
Chordomas which arise from the primitive notochord 
or Its remnants destroy the intervertebral disks arid 
later may extend into and destroy adjacent vericbr®! 
bodies Chordomas are exceedingly rare in infants 
and children, m view of the fact that they represent 
the persistence of the embryonic tissues of the pniul 
tlve notochord The rare sacrococcygeal chordoma or 
choidoblastoma is characterized by rapid growth and 
rapid destruction of the coccyx and Iowct sacral seg 
ments This tumor Is usually palpable per rectum arid 
later may become visible as a swelling m the bulloi^l^ 
and back Although enlargement by direct extension 
IS rapid metastasis by blood or lymph is rare Sever 
al have occurred at the base of the skull in older chil 
dren 

Hemangiomas are probably the commonest tumor* 
of the spine many of them produce no symptom* 
Angiomas are characterized roentgenographically Vf 
a spongy or honeycomb osteoporosis The mtervertc 
bral spaces are normal In width 


Diseases Involving Vertebrae / 1395 

Giant cell tumors may produce massive destruction 
of the vertebral body and collapse of the adjoining 
intervertebral spaces 

Osteoid osteoma should be suspected when back 
pain IS worse at mght than during the day and associ 
ated with regional muscular spasm, paravertebral 
tenderness and locahzed scohosis Aspmn often gives 
substantial relief from this pain Such patients should 
have carefully made stereoscopic films of the spine in 
multiple projeebons plamgrams should be made 
when the conventional methods give negative results 
The radiographic findmgs are similar to those in other 
parts of the skeleton and consist of a sclerotic patch 
with a central radiolucent nidus located most often 
in the laminas (Fig 9 75) Surgical excision of the 
nidus usually results in immediate and permanent 
rebef from the pam 
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Secondary Neoplasms 

Secondary vertebral neoplasms ere also rare in in 
fonts and children Metastases from sympathlco- 
blastomas may lodge m the spine and produce destruc* 
tion and deformity The primary growth of a para 
spinal sympathicoblastoma may impinge on or grovr 
into the spine and the neighboring nbs and cause 
necrosis by direct pressure Metastatic adrenal eym 
pathicoblastoma may cause vertebral deformities at 
several levels (Fig 9 76) 

In myelogenous leukemia, lymphatic leukenua and 
lymphoblastomas destruction and compression of the 
vertebrae have been observed The intervertebral 
spaces may be narrowed widened or normal 

The spine is a common site of metastasis by em 
bryonal rhabdomyosarcoma spmal segments at sev 
er^ levels may be affected (Fig 9-77) 
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Tumors of the Spinal Cord 

Tumors of the spinal cord may develop and grow 
without producing detectable roentgen changes in the 
adjacent vertebrae Not infrequently however valua 
ble diagnostic vertebral changes do appear Local 
pressure may cause erosions in the contiguous por 
tions of the vertebrae in the arches or on the posted 
or surface of the bodies Extensive destruction of the 
body may go on to pathologic fracture and compres 
Sion deformities One of the most helpful diagnosuc 
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Fig 9 77 — M«taslat c embryonal mabdomyosarooma of the 
Ip ne A. destruet on and collapse of tne vertebral body and left 
pad da of the D 6 ve teora of a boy 6 /i years of age whose pr 
mary neoplasm was n the muscles above one ankle w ih meias 
tases to flat end long bones as well as tn s s ngie venebrai body 
B metastases n several vertebrae (arrows) w th compress on 
deform t as in the T 2 T-4 7 8 and T 12 segments and L 1 of a 
boy 52 months of age whose pr mary neoplasm was In the orb t 
There were mult p e skeletal metastases in several round and fiat 



Fig 9 79 -fnt asp nai neurobiasioma (m croseop e d agnos s) 
In wh ch the interped cuiate spaces a e Increased and the pad 
eies eroded and elongated large port ons of iha pad eles of L 2 
and L 3 are desi eyed In A, Irpntal project ons the numbers on 
the r ghi ped eles represent measu ements In m II meters of the 
maxmai nterped euiate d ameiers theye eallenia ged B later 
ai proiect on 


changes is the regional widening of the Interpedicu 
late spaces which prtxiuces a fusifoim widening of 
the spinal canal at the level of the inCraspinal tumor 
(Fig 9 78) At the same levels the medial edges of the 
pedicles are flattened or in severe cases bent into 
concave contours on their medial aspects Primary 
intraspmal tumors often project externally through 
the spaces between the vertebrae in the thoranc lev 
els these neoplastic paraspinal masses cast a shadow 
which resembles that of Pott s abscess Leukemic 
paraspinal masses which originate from Intraspuial 
leukemic growths cast similar paraspinal shadows 
Tumors of the spinal cord rarely cause productive 
changes in the adjacent vertebrae and seldom con 
tain sufficient calcium for roentgen visualization 
although microscopic calciferous foci are frequently 
found m many of them Myelography with Panto- 
paque as the contrast substance is the most accurate 


roentgen method for the identification and localiza 
bon of intras^iinal tumors and inflammatory obstruc 
bve lesions in the spinal subarachnoid space 

t REFERENCES 

Anderson F M and Carson M G Spinal cord tumors In 
children J Pediat43 190 1933 
Bucy P C and Capp C S Primary hemangioma of bone 
with special eference to the roentgenologic diagnosis. 
Am J Roentg nol 23 1 1930 

Chambers VV R. Intraspmal tumors in children resembling 
anterior poliomyehas J Pediat 41 288 19S2. 

Elsberg C A,, and Dyke C C Diagnosis and locallzauon of 
rumors of (be ipuiaf cord by means of mearurements 
made on a ray Pirns of the vertebrae and correlation of 
cluucalandxrayhndmgs Bull Neurol Inst New York 3 
359 1934 

Sussman. M L. and Kugel M A The roentgen diagnosis of 
spinaldeforinities Am J Roentgenol 30 1S3 1933 
Wood E H Jr An Atlas of Myelography (Washington D C 
American Registry of Pathology 1948) 



SECTION 10 

The Neonate and Young Infant 



Special Procedures in Diagnosis 


The separate crooting of special procedures in pedi 
attic radiology is admittedly artificial since their use 
IS repeatedly illustrated elsewhere in these volumes 
The highly refined technics of cardiac and neurora 
diologic investigation are omitted as are discussions 
of bronchography and such rarely used methods as 
sialography We have tried to view methods of arteri 
ogtaphy, venography, lymphangiography and nuclear 
scanning in terms of nsk to the patient weighed 
against the information gained in the hope that the 
pediatnc patient will benefit from their intelligent 
application Some portions of this discussion may 


DRS WALTER E BERDON and DAVID H BAKER have 
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soon be obsolete Ultrasound offers great hope Nucle- 
ar medicine will emerge as a separate discipline, al 
though the radiologist wiU continue to use it as part 
of his evaluation with films and scans (heat sound 
isotopes) of normal and abnormal structures and 
functions 

Total Body Opacification 

The recogiution and utilization of total body opaci£ 
caQon represent a maior advance tn radiographic 
diagnosis Most satisfactory in infants, it can be uti 
Uzed at any age if sufficient contrast matenal is used 
It IS part of and supplementary to intravenous pyelog 
raphy and the two studies are done at the same tune 


Fig tO-1 -A, sseites seeondsry to cytomegai c inclusion d $ 
ease Trie ascitic ttuid leteist to ttw medisKy d spiaced liver and 
small bowel loops is lucent Liver density and small bowel watt 
opacilieation parallel eaefi organ a content of opacified blood 



(Courtesy of Or j F 0 Connor Boston ] 8 ascites secondary to 
perforat on of the colon ifl an infant w th cystic fibrosis and me* 
conium pertonits Arrows indicate catcif cations Small bubbles 
of tree a r are present lateral to the I ver 
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0 Connor and Neuhausei were the first to point out 
that when the dose of tn loduiated urographic con 
trast agents approaches 2 ccfkg all vasculanzed ns* 
sues such as the liver ate rendered opaque in propor 
tion to theu vascularity Even the walls of the hoUow 
viscera become visible (Fig 10-1 A) This phenome- 
non precedes and for a short time overlaps the renal 
excietoiy phase It does not reflect vicarious excretion 
by the liver In the usual case This then is a simple 
intravenous method of evaluating masses of water 
density in plain films TTie seeming subseqaeni Joss of 
density during the total body opacification phase re- 
lates directly to the relative decrease of blood content 
of the mass Conversely the degree of increased den 
sity reflects the reladvcly greater content of opacified 
blood The method Is comparable to the late capillary 
phase of aortography 

Caution must be used to avoid senous errors of m 
terpretation Thus lucenci/ means relatively reduced 
blood content and not necessan/y cystic or “be 
mgn Both benign and malignant hepatic tumors 
(such as hemangioma, hepatoma) and renal tumors 
(malignant VViIms benign hamartoma) and adrenal 
tumors (neuroblastoma, ganglioneuroma, cortical 
carcinoma) have been seen with varying degrees of 


lucency often mottled reflecting cystic and necrotic 
and avascular areas (Figs 10-2 and 10-3) and exact 
diagnosis requires histologic examination Examples 
of the methods usefulness are so numerous that only 
a few can be given here 

Ascites with medial hepatic displacement Is seen as 
a lucent (relatively black) space contrasted with the 
dense (relatively white) liver (see Fig 10-1) An Intra 
splenic posttraumatic epidermoid cyst appears as a 
lucent circular mass surrounded by dense spfenic 
parenchyma (Fig 10-4) 

The problem of the newborn with an abdominal 
mass lends itself to this techmc The nonfuncuoning 
mulucystic kidney is visualized as a lucent mass 
without subsequent excretion (Fig 10 5) In contrast 
tbe bydronephrotic kidney is a lucent mass 
(representing the unne filled renal pelvis) with de 
layed films showing tbe opacified dilated renal col 
lectuig system (Fig 10-6) Adrenal hemorrhage in the 
newborn is seen as a lucent suprarenal mass with 
downward and lateral renal displacement (Fig 10-7) 
Renal vein thrombosis in the newborn may present a 
large kidney shaped mottled blackish image accord 
Ing to the degree of engorgement with blood and de- 
creased renal funcuon (Fig 10-8) A cystic coccygeal 




ng -0 am hepat c hemang om* with eongtsiivft hean atlaeia oi anar ewenovs aM>m ng B postmortem aortogram 

fa lure n a newborn A total body opae f cat on snows vascular snows rregular vascular spaces In the hemang oma surround r^g 

[dense) and avascular (lucent) areas n the r ght looe of me i ver cyst c nec ot c areas Mole the huge dra n ng hspat e ve n (From 

the k dneys were norma! in later f ims The pat ent d ed ol me Berdon ef a/ ) 


Fig 10-4 (left) -Infected ep dermo d cyst ot me sp een dem The ntravenous pye og am shows a nonfunct on ng f ank mesa 

onstrated in nephrotomogram The apparently gas f ■ ed left wh eh s aetua ly a group of cysts the largest of wh ch s seen as 

upper quadrant space s actual y the avascular center ol me a lucent space surrounded by dense mages of the I ver and other 

sp een surrounded by the normally dense spfen e t ssue (Courte- v scersi The left k dney deep le odd appearenee and anatomy of 

eyofOrs H Grossman and P Wnchester New York) the coi eel rtg system lunct oned well (Courtesy of D Q Currpr 

Fig 10-8 (fight) -fight cyst cdysplaatc kdney ne newborn no Dallas Tex) 




teratoma appearing as a lucent presacral internal 
extension (Fig 10 9) required a combined abdoinuio- 
penneal excision 

The total body opacification phenomenon may not 
be as dose-related as assumed It can be noted m re 
trospect in pyelograms made in the 1950s when doses 
were far below those now used Also it is not always 


produced when high doses are used Its safety re- 
quires that the following precautions be taken (1) 
The patient should not be dehydrated (2) The dose (3 
5 cc/lcg for the newborn, l-'2 cc for the older child 
and aduli) should be injected intravenously over 1 2 
minutes and not as a rapid high pressure injection 
through a large catheter In the older child and adult 





Fg 10 9 -Sacrococcygeal teratoma w (h presacral exten$ o" 
Intravenoua pyelogram Utaral protect on shows both biado*' 
(S) and rectum (A) d splaeed ante orly w th a (ueent a ea (n^t 
apparent n pla n f Ims) reflect ng avascular components At oP 
erat on a cyst e hygromatous e ament was removed from the pi^ 
aaeral space 

I ccAb of 90% sodsum Hypaqvse can be used an<i 
With tomography of the kidneys hver or spleen 
pendmg on the region of interest 
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Arter pgraphV 

The Seldinger method of percutaneous cathetenz# 
tion of the aorta allows visualization of the aorta and 
Its branches With meticulous techmc and adequate 
sedation the method can be applied to children and 
even infants Underlying the use of such angiograph 
ic studies IS the belief that the demonstrated vascula^ 
Itridings reflect the primary pathologic processed 
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though these are not of themselves of vascular na 
hire Thus tumors have been studied in many chil 
dren and it is this area that is emphasized here 
The imtial angiographic experience with tumors 
was in adults the masses were mainly renal and 
were usually either clear cell carcinoma or benign 
cysts Since the former were commonly quite vascu 
lar and the latter avascular a logical conclusion 
seemed to be that vascular meant malignant and 
avascular meant benign It is now well recogmzed 
that some highly malignant tumors are avascular and 
some benign lesions (abscesses infected hydrone 
phrotic kidneys) are vascular The vessels within and 
around mahgnant tumors tend to have a bizarre ap- 
pearance with tortuosity and microaneurysms nor 
mal tapering and branchmg are lackmg Artenoven 
ous shunts are observed These findings reflect an 
^titcunricA wixxlaa vcfpjJry Vcft. <iti toA. tfi \\iifmsiAveB 
mean mahgnancy It is important to emphasize that 
angiographic study cannot replace histologic study in 
ihe estabbshment of malignancy With this back 
ground certain conclusions can be drawn regardmg 
the value of angiography m the study of abdominal 
tumors m infants and children 
Wilms tumor -Extremely rare dunng the newborn 
penod (when renal tumors are usually benign fetal 
hamartomas) Wilms tumor is the commonest renal 
neoplasm from about 6 months of age through the 
next decade with most patients less than 5 years of 
age Occasionally bilateral the tumor commonly re 
places only a part of the kidney and distorts the re 
mauling collecting system Usually there is some re- 
sidual renal function The tumor may totally replace 
kidney or extend into the renal vein with absence of 
visuahzauon in the miravenous pyelogram 
Aortography and selective renal artenography have 
been applied to the study of Wilms tumor Some tu 
mors arc highly vascular (Fig 10 10 A) with mter 
twining patterns of neovasculanty resembling 
strands of spaghetti In others the only signs are m 
distinct or broken nephrographic outimes (Fig 10-10 
0) with Sparse if any neovasculanty A rare patient 
has congesUve heart failure the tumor acting as an 
artenovenous shunt with flooding of the infenor vena 
cava and nght side of the heart (Fig 10-11) Rarely 
does the artenogtam identify a tumor when the m 
travenous pyelogram has not led to the same diagno- 
sis Use of selective artenography to study the oppo- 
site normal kidney may aid in diagnosing small 
contralateral foci of tumor 
Obviously the artenograra will indicate that the 
mass IS a tumor and not a benign cyst this should 
have been apparent from the intravenous pyelogram 
Sunilariy the intravenous pyelogram should exclude 
a hydroncphrotic blocked area by the absence of nms 
and crescents The arteriogram cannot reliably dis 
tinguish Wilms tumor from renal hamartoma 
(benign) or from renal carcmoma of the adult clear 
cell type both of which occur in children As noted 
later in the comments on bronchial artenography 
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FI3- 10-12.»R9htad arval neurQb utama, A mds eamao'tO' thougn dspaced ght ana ouilne and neovascultr patta n 
0 am demonst at ng dap ass on of the t gni ana artery and hy w ih n the torn© jCourtesy of D M K ng Naw Yo k f om Be 

parvaseula supra anal a aa. B venous pnasa snows mad don and Bake ) 







FIs 1014 A n a newbo n wtn congest ve heart fa lure t om 
arte ovenous shunt ng n a g ant r ght hepat c hemangonia the 
umbil cal sortogram dsmonsirates eguiar vascular podng 
The venous phase (see F g 10 18) showed ea ly massveverwus 
shunt ng B n an nfant 4 months of age wth huge nghl heps 
toblastoma the se eel ve cel ac arte og am shows cm> ng ot 
hepat c arte al leede s to the tumor Cent a avascular a eas 
conta rted hemorrhage and necros a C in a ch Id w ih ben gn 


hepat c hamaitoma. the ce ac arte ogram delneates I egular 
arte es surround ng avascular areas In the nght hepat c lobe 
(C eoariesy o> Dr D Oart r>g Boston Mass)D In an edolescent 
pal ent w th sdu l type care noma of the r ght hepat c lobe the 
se ec ve ailenog am demonsi a es evlens ve neovascula ly of 
the nfenor aspect of the rght lobe (D courtesy of D J C 
Leon das NewYo k) 
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metastases of Wilms tumor m the lung can be studied 
in terms of the bronchial blood supply Selective arte 
nography of each kidney may aid in planning surgery 
for gross bilateral Wilms tumor 

Neuroblastoma —This other common retropenio 
neal tumor of childhood has angiographic patterns 
ranging from marked vasculanty (Fig 10-12)to avas 
culanty (Fig 10-13) The experience of Debrun 
and colleagues m Pans has been that the avascular 
pattern is the more common To estabhsh a correct 
radiographic diagnosis the demonstration of renal 
displacement by a mass must be correlated with 
the cbnical history Hypertension might suggest 
pheochromocytoma and osteoporosis and glycosuna 
a cortical adenoma or carcinoma With neuroblasto- 
ma (or the more benign gangUoneuroblastoma and 
benign ganglioneuroma) there may be elevated un 
nary catecholaimne excretion diarrhea or signs of 
cerebellar ataxia Arteriography has little value m 
establishmg the diagnosis since the well performed 
intravenous pyelogram clearly shows the extent of 
renal displacement The mfant with calcifications 
displaced kidneys and ureters and a mass usually has 
a neuroblastoma regardless of the vascular pattern 
seen on artcnography 

Hepatic tumors -Thoughraxe hepatic tumors lend 
themselves to artenographic study even in the neo- 
nate Both benign (hemangioma hepatocellular carci 
noma) and malignant tumors (hepatoblastoma hepa 
toma) may be encountered The tumors denve their 
blood supply from the hepatic artery splenoportogra 
phy usually shows the tumor as an area devoid of vas 
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culanty and liver scanning shows a cold area The 
aiteno^aphic pattern may be similar in benign and 
mahgnant tumors Histologic not radiologic findings 
estabhsh the bemgmty or malignancy Bemgn heman 
gioma(F>g 10-14 A) may loll by artenovenoos shunt 
ing Hepatoblastoma (Fig 10-14 B) can metastasize 
to lung and bone and is lethal Bemgn hamartoma 
(Fig 10 14 C) may be very vascular m artenograms 
municking mahgnancy Adult type hepatoma (Pig 
10 14 D) may show neovasculanty although this per 
se does not mdicate malignancy Artenography may 
chsclose anomalies of blood supply such as a right 
hepatic lobe suppbed by a superior mesentedc 
branch thereby assistmg the surgeon in planning for 
excision 

Bronchial arteriography —The bronchial ar 
tenes arise in varying fashion to supply the lung and 
anastomose with pulmonary arteries They can be 
visualized by midstream aortography (Fig 10-15) or 
selective catheterization (Fig 10 16) The bronchial 
artenes largely supply metastases in the inner half of 
each lung field an example is shown in Figure 10 15 
of a Wilms tumor Peripheral lung metastases may 
denve their blood supply solely from the pulmonary 
artenes Repeated pulmonary infections cause en 
largement of the bronchial artenes (Fig 10-16) It is 
possible that some of the ill defined radiographic find 
uigs descnbed as prominent bronchopulmonary 
markings or prominent hilar images represent 
some bronchial artery prominence as well as lymph 
node enlargement 

Trauma bleeding -Selective artenography is well 


FIs 10 15 (left) -La ge rgm tndde lobe metastass Ifom 
Wims tumor M dstream aortogram demonstrates ts bronenai 
aner al blood supply Other f Ima revea ed some lesse supp y 
Irom infe or phren c and niercostai arter ea The mass d sap 
pea ed alter rad otherapy and chemotherapy 



Fig 10 16 (nghi) Se ect ve r ghi s ded arteriogram show ng 
prom nent andstomos ng bronch al arter es nan nfantwthrght 
hepat c tumor and frequent resp ratory nfect ons (same pat ent 
as r> Fg 10-14 S) No tumor developed n the rgM lung al 
though the ^ id d ed of teft s ded metestases 
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many patients and thus can be dilated by an extra 
pentoneal approach Ponogiaphy and portal pressure 
recording are possible For example a 9 month old 
infant with type I glycogen storage disease had hepa 

Rg 10 20 -In a prematu e infant w tna nuge rgni renal tu 
mor nt avanous pyelog aphy demonstrated el gnt res dual fvnc- 
t on and the total body opae I cat on phase del nested mottled 
vaaeu a ty (not shown) The umb i cal aonog am shows two re- 
nal after ea supply ng th s rather vaseu a ben gn renal t«mo 
patholog e d agnos a was fetal renal hamartoma 



(omeg^y umbilical venography showed the splaying 
of otherwise normal intrahepatic branches of the por 
tilvem(FSg 10-1$) 

Vmbthcal aortography -The paired umbilical ar 
tenes can be cathetenzed to visualize the thoracic 
and abdominal aorta and branches Aortic injection Is 
midstream It is even possible to pass the catheter 
through the ductus arteriosus into the pulmonary ar 
lery or into the brachiocephalic vessels Selective 
catheterization of the abdominal branches in the 
newborn is possible but has not been accompLshed 
A pnme use of this method is ui study of vascular 
masses such as neonatal hepatic (Fig 10-18 BandC) 
and renal tumors (Fig lO-ZO) for assessment of the 
blood supply and degree of vascularity Our Ulustra 
tions demonstrate that both hepatic and renal masses 
were highly vascular both were bemgn the hepatic 
mass 'being a giant cavernous hemangioma, the renal 
mass a benign renal hamartoma of the fetal type not 
to be confused with Wilms tumor Angiographic 
signs of hypervasculanty are no substitute for histo- 
logic evidence of mahgnancy 

Kaufmann has used failure to visualize the renal 
aitenes as a confirmatory sign of renal agenesis (Fig 
10-21) It Is possible that this could be mimicked by 
layenng and streaming of contrast matenal in such a 
way that the renal artery though present is not opa 
cified similarly a hypoplastic renal artery might be 
mistaken for a lumbar artery 

Umbilical arteriovenous fistula formation and 
congestive heart failure —The fetus normally utlliz 
es the low resistance placenta as an organ of respiia 







Fig 10 21 — umb cal aortogram of an infant vv tb renal 
aganes s Note pneumamed ast nunr and {he small pelv c bony 
Outlet No renal arteres are seen in th s anur c newborn a 
coni imatorysgrt of renal ageness (Courtesy of Dr H J 
Kaufmann Basel Svytzerland) 


Fig 1Q22-Umblcal arterovenous ma format on n a rtew 
born w th eot^gtst ve heart la lure A umb I cai aortogram shows 
huge arteral feeders neludng epgastrc arterves and early 
venous f II ng B venous phase demonstrates a huge umb ■ cal 


ve n and common cat ng portal branches Heart fa urewas 
bylgaiohof epgastr cand umb I cal artery feeders andet 
of me umb I cal reg on (Courtesy of Dr D E Murray and 
cates San Mateo Calf) 
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tion (fetal lung) and waste elimination (fetal kidney) 
with oxygenated blood returned through the umbili 
cal vein to the ductus venosus When the latter is 
open flow passes to the right heart and almost com 
pletely through the foramen ovale to the left side of 
the heart The paired umbihcal arteries return the 
body’s mixture of right and left sided blood for oxy 
genation and waste removal 

After birth congestive heart failure can result if 
there is a patent major direct communication be- 
tween the umbihcal arteries and the vcm The anato- 
my was well worked out m Murray s case with multi 
pie huge epigastric artenal feeders identified (Fig 10- 
22) Ligation of the feeders and excision of the umbil 
ical region cured the heart failure The nature of the 
failure is identical to that seen in cerebral arterio- 
venous malformations (vein of Galen malformation) 
and cutaneous or hepatic giant hemangioma with 
shunting 

Prolonged neonatal therapeutic canahzation of the 
umbilical vessels can lead to an acquired arterio- 
venous connection This resulted In Reagan s case m 


Fig 10 23 -Umb cal arter overous t stul« n a 6 week old 
infant w ih bun ng be ly button and h stoty ot umb i cal ve- 
nous catf<ete aat on for 72 hours n the newborn pe od Heart 
fa lura was not prasant but c n eat f nd ngs led to aortography 
A frontal v aw shows d raet connect on of umb I cal artery I" a ) 


a buzzmg belly button with aortography at age 6 
weeks demonstratmg direct arterial venous connec 
turns (Fig 10-23) The fistula spontaneously closed in 
thus ease 

Safely of umbilical catketemation and angiogra 
phy in the nevjbom —At present there are no senous 
problems in short term catheterization for angiogra 
phy Unfortunately cathetenzation of the umbihcus 
is attended by thrombotic problems this may well 
relate to its principal use in sick newborns with re 
spiratory distress syndrome Frequently there are 
shock and intravascular clotting examples have 
been encountered of hepadc and renal infarction sec 
ondary to artenal thrombosis Some may have been 
worsened by introduction of highly alkalme solutions 
into catheters inadvertently wedged mto penpheral 
areas in the hver or mto a renal artery blocked by the 
catheter Although the umbilical artenes commonly 
go into spasm from cathetenzation actual aortic 
thrombosis has not compheated short term catheten 
zaOon or angiography In fact a case of idiopathic 
aortic thrombosis was diagnosed by umbihcal aortog 


and umb leal ve n (uv) B lateral v aw shows umb t cal artery 
lead ng to umb cal van wh eh ascends and passes poster orly 
to |0 n the portal va n Card ac murmur d m n shed and buzz ng 
belly button dsappeared wthout surgery (Courtasy of Dr L C 
fteagan and assoc ates Cnennat ) 





raphy (Fjg 10-24). UmbiLcal venous caUietemation 
for exchange transfusions or introduction of alkaline 
solutions has occasionally led to portal thrombosis 
with later portal hypertension and esophageal var 
ices The radiologist and pediatrician must then 
weigh the slight nsk of such cathetenzation mth the 
great advantages These include avoidance of femor 
al puncture or cutdown with dangerof spasm throm 
bosis bleeding or even introduction of senous mfec 
non into the adjacent hip joint The method should 
not be abused It should never be a substitute for prop- 
erly performed intravenous pyelography It should ^ 
reserved for cases in which additional information 
will benefit the present panent or future patients with 
similar disorders It would be wise for the procedure 
to be performed by pediatricians skilled in such um 
bilical catheterization 
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Inpesior VENACAVoGRAPjnr -The mfenor vena 
cava can be opacified at the tune of intravenous pye 
lography Methods range from smgle or bilateral an 
kle vein injection to transfemoraJ catheterization of 
the inferior vena cava. Use of a serial film changer 
(preferably bi plane) improves visualization Tlie 
opacified vein is inspected for mtraluininal fillmg 
defects obstnicQon extrinsic pressure effects and 
anomalous development The catheter method offers 
greater accuracy and is preferred Catheter injection 
in an uifant without a tumor but acttveiy crying at 
the time of injection may even reveal the nch anas- 
tomotic network between the vena cava and the re- 
troperitoneal paravertebral and lumbar veins that 
dram into the azygos vein (Fig 10 25) 

Solid abdominal tumors -The hope that detection 
of mfenor vena caval obstruction would help m deter 
miiung resectabihty of Wilms tumor and neuroblas 
toma has not been realized because crying the size of 
the mass m a small infant s abdomen and so on can 
produce apparent obstruction (Fig 10-26) FurtSer 
more the vena cava may be patent in the presence of 
a tumor that cannot be resected because of encase 
ment of major aitenes (Fig 10-27) Intraluminal 
masses (Fig 10-28) may be encountered so the study 
as part of the imtial intravenous pyelogram seems 
worth while For pracQcal purposes therefore the leg 
injection (with all its drawbacks) is used venacavog 
raphy by catheter is however superior 

Lymphoma —We have given up inferior venaca 
vography m evaluating lymphoma smce lymphangi 
ography is much more sausfactory 

Benign caval anomalies -Anomalous development 
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Pig. 10 2S -Spurious obstruct on of th« lnf«nor v«n« cava 
noted In an infant who had uroloo c stud es after cofostomy tor 
eompicatad imperforate anus. A intravenous pyetogram wth 
inject on through (he saphenous ve n catheter w tn the pabeni 
crying shows v rtuaily complete by pass of the Interior vena cava 



and massva fling of retropertoneal ascend ng lumbar vans 
lead ng to the d laisd azygos vem (arrows) The k dneys are de* 
I nested from an earl er Inject on B repeal inject on wthout 
movement ot the catheter but w th the infant asleep demon- 
strates a normal infer or vena cava and a few eollslaral veesela. 





Fig 10 36 — Rghtgangl oneu obiastoma m a young mtani 
demonatratad by downward lateral d sfflacemenl of ine r ght 
k dney A, inter or venaeavagram (rontal protect on shows 
apparent obstruct on ar\d d splacement at the level of the right 
fc dney w th nearly a I flow through relroper tones! collaleral 
vessels to the azygos system B lateral project on wth 
her zontal beam and pat eni sup ne shows the extent of coitaterai 
flow Thetumorwasresected the nferorvenacavawasnoi 
ntr ns eally involved though draped over the tumor Thepatent 
wasH'Sllaxyearstater 
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of the hepaac portion of the uifenor vena cava is aJso 
caUed azygos continuation of the inferior vena 
cava. Single or multiple channels lead directly from 
the lovrer vena cava Into the azygos vein This would 
seem to be of little interest except that the azygos 
arch may be so large as to present as a chest mass 
(Fig 10 29 A) In such patients inferior venacavogra 
phy is diagnostic and can save the patient from ex 
ploratory thoracotomy (Fig 10-29 B) 

The rare but interesting calcified infenor vena cav 
al thrombus is seen as a bullet shaped density in the 


rightpo$tenorsbdornen(Fig 10-30 A) Venacavogra 
phy shows the degree of obstruction and the collateral 
channels (Fig 10-30 B and C) Most of such cases 
have been in infants 

Renal vein thrombosis has been studied occasional 
ly by venacavography Lack of renal vem washout 
into the inferior vena cava is considered a diagnostic 
feature Since renal vein thrombosis usually occurs in 
a neonate selective renal vem injection does not now 
seem feasible Thrombus extension into the cava 
might be seen 



Diagnosttc Procedures — Lymphangiography / I419 
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Lymphangiography 
Pedal lymphangiography is a technically difficult 
procedure in infants and children Although of inter 
e$t In many conditions, its principal use 1 $ m stagmg 
Hodgkin’s disease, a relauvely rare disease in chil 
dren with sufficient cure potenual to make the study 
worth while 

Pedal lymphangiography involves the injection into 
the dorsum of one or both feet of iodized oil (Elhiodol) 
by the method of Kmmouth, with subsequent opacifi 


Rg 10 31 -Close-up of the left lower lobe one day after pedal 
lymphanQiography in a child 8 years of age with Hodgkin $ dis 
ease Small opacities represent muu pie o>i embok a picture 
regularly seen alter such studies especially m eh Idren 



cation of lower extremity and retropentoneal lym- 
phatics and lymph nodes The former clear in several 
hours, but the nodes remam opacihed for week$ to 
months, the pediatnc patient traps contrast medium 
in lymph nodes for less tune than the adult ’)iie 
young patients may require heavy sedation or even 
general anesthesia, successful studies have been Per 
formed in infants as young as 7 weeks and in yoimg 
children In the older child successful studies are the 
rule The method has been mainly apphed to study of 
tumors (lymphoma, neuroblastoma), but also in stijdy 
of lymphatic anomahes (mcludmg chylous ascites, 
chylous mesentenc cysts) 

Smce the oily material reaches the lung in the fonn 
of small opaque oil emboh (Fig 10-31) via the thorac- 
ic duct, film or fluoroscopic monitormg of the injec 
bon IS useful, with the injecbon terminated when the 
thoracic duct starts to All Postmjecbon cough and 
fever are not uncommon, eosinophihc pneumonitis 
(Loeffler’s syndrome) may occur but has not beeii a 
senous problem 

Lymphoma —Pedal lymphangiography for staging 
of Hodgktn't di$ease is superior to infenor venaca 
vography and intravenous pyelography The diagngs- 
oc cntena for a “posmve” study include the preseiice 
of enlarged retropentoneal nodes chat appear to jfe 
foamy and may have discrete fillmg defects (Fig )0- 
32) By combining delayed films with an intravenous 
pyelogrom, it is apparent that some involved nodes 
are above the ureters, which may appear to be nor 
mal However, the pyelogram may show ureteral 
abnormahty caused by involved lymph nodes Rot 
filled m the lymphangiogram (Fig 10-33) Ot^er 
nodes may be so involved as not to fill at all Nodes 
that look normal may actually be involved, while 
others looking abnormal may be free from disease 
The accuracy of the study seems to be reasonably 
good but the need for accurate stagmg requires 
laparotomy, especially to check on involvement of a 
normal size spleen Failure to make the diagnosis of 
abdommal mvofvement coufd lead to faiTure to lira 
diate the area, with subsequent loss of the patieiK 
Lymphosarcoma (Fig 10-34) can yield similar raqi 
ographic results The outlook here is gnm since most 
pabents die of their disease, some with leukemic dis 
seminabon 

Solid retroperitoneal tumors — Lymphangiography 
of Wilms’ tumor yields httle informabon other thsui 
evidence of blockage by the sheer size of the mass 
Actual nodal involvement is rare so that the study is 
not used in preoperabve evaluabon 

Neuroblastoma commonly occur as a matted tum<)r 
of the retropentoneum, total surgical excision is ini 
possible in most patients It is not surpnsmg th^t 
lymphangiograms are posibve Enlarged nodes, both 
foamy and with fillmg defects, are encountered (Fig 
10-35), with obstrucbon of contrast flow bemg com 
mon The obstructed lymphatics may drain by coUat 
eral lymph and venous channels, oil embohzation to 





Pig 10 92 (above led) En a gad loamy nodes as wa I aa 
pan a y replaceo nodes in pedal lympnang ogram, nd cat ng 
retroper tones) spread of Hodgk n s d sease Note laeti of 
eof eiai on w in the u etersi course the great range of 
no mal var at on makes eva uat on of the ureters uneerta n 
Pig 10 93 (above) -In a pat ent w >h Hodgk n s d sease 
and lympnang og aph c ev dance of retropentoneal noda 
nvoivement me ntravenouspyalog am win pat ent p one 
snows d sc ete u ete al ndantat on by nonopac i ed nodes 
(ar ow) on me left 

Pig 10 34 (left) -Lymphosa coma I ke Hodgk n s d saase 
may be cna actenzed by foamy or defect ve nodes as n th s 
lymphartg og am Some renal en a gement Is also present 
nd cal rrg w despread lymphosa coma n th s 12 year o d 
patent wnod ed of leukem c d ssem nat on 


the liver which is unusual in adult lyniphanpo- 
grams has been seen in several children with neuro- 
blastoma (Fig 10-36) Whether the flow to the liver IS 
by lymphatic or venous channels is not clear The 
basic mechanism is obstruction at the mesenteric 
root In view of the tune and effort required it is un 
hkely the lymphangiography in children with neuro- 
blastoma is worth while No other study however is 
so useful in mappmg the extent of disease after the 


initial usually diagnostic intravenous pyelogram is 
obtained 

Congenital lymphedema is difficult to study since 
the initiai injection of dye into the doreum of the toot 
causes diffuse dermal backflow and the lymph chan 
nets are virtually impossible to find 

In chylous ascites the cause may be obstruction of 
the retropentoneal lymph pathways although the 
actual site may be impossible to identify In a 7 week 



rig 10 3S (left) -Neuroblastoma may cause loamy nodes and 
nodal replaoement In th s tymphang ogram tn s pattern extends 
well below the I m ts revealed by intravenous pyelography The 
tumor was not resectable 

ng. 1IM6 (right) -Hepal c o I embo< zat on follow ng pedal 



lymphang og aphy n a pat eni w th neuroblastoma Is ev dance of 
marked obstruct on of retroper toneal lymph channels Th s s gn 
has been noted n adults w th retropentoneal node metastases 
I om sem noma and eery cal ca c noma s though rare n all age 
groups 
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old infant the Ethiodol passed by bizarre collateral 
channels into the pentoneum and bowel lumen (Fig 
10 37) Such a condition can be treated medically hy a 
diet nch in medium chain tnglycendes which re 
duces the load on lymph absorptive routes and is 
mainly absorbed into the portal venous circulation 
Surgical exploration may be needed to search for 
congemtal bands around the root of the mesentery 
Chyle filled mesentertc cysts are part of the same 
picture representing a lymphoecle In one patient 
injection of Ethiodol into the extenonzed cyst re 
vealed flow both antegrade to the thoracic duct and 
retrograde to retroperitoneal lymph nodes and pedal 
lymphangiography (Fig 10 38) filled the cyst as well 
as showmg flow to the thoracic duct 
Li/Jnphangtotno of hone —Lytic processes m bone 
may reflect lymphangiomatous malformanoos. Pedal 
lymphangiography opacifles the bones proving (he 
relative role of the lymphatic system m malforma 
tions that may have hemangiomatous components as 
well (Fig 10-39) 
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Nuclear Medicine isotopic Scanning 

The diagnostic as well as therapeutic uses of radio- 
active isotopes are making nuclear medicine an 
emerging separate specialty The following discus- 
sion will briefly Illustrate some of the uses of organ 
scanning with various isotopes The method is easily 
carried out and can be used repeatedly with a low to- 
tal radiation exposure from the tracer doses 
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Fig. 10-40 — Masses adjacent to the organ being scanned may 
suggest intrinsic involvement of the organ A thyroid scan of a 
Child with a mass in the left side of the neck shows dimm shed 
activity in the left lobe Oiagnosis was probable thyrod les on an 
adenoma or carcinoma. B, frontal trachea) view shows curviim 


Essential in the use of such scans is the recognition 
of inherent linucauons Peripheral Involvement of an 
organ by a mass cannot accurately be disunguished 
from pressure effects on the organ by an adjacent 
mass Thus a large resectable Wilms tumor may so 
deform the adjacent liver on liver scan as to mumc 
invasion or metastasis Similarly, a branchial cleft 
cyst can simulate involvement of the ipsilateral thy 
roid lobe (Fig 10-40) Present physical hmitaaons of 
the scanning equipment preclude detection of masses 
less than 2 cm in diameter thus a liver may be nd 
died with small abscesses or metasfases and seem 
homogeneous ’ on scanmng These are not errors in 
interpretation of scans but rather disease involve 
ment beyond the physical resolving characteristics of 
the method In addition the isotopes depend for iheir 
concentration within an organ both on the integrity of 
the organ and on the blood flow toit Thus total nonvis 
ualization of an organ could be due to a block m its 
blood supply, total replacement of the organ fune 
Qonal diversion of flow or a combination of processes 
This is best illustrated in the lung (see below) where 
aiz trapping tumor or massive pneumoma can cause 
a pattern of nonperfusion resembling to some degree 
that seen in congenital obstruction to flow or acquired 
embolic or thrombotic obstruction to flow 

The isotopes outline normal rather than diseased 
tissue in most areas the cold areas reflecting a gross 
ftndmg that must be analyzed m relatian to physical 
and laboratory evidence as well as that of other radi 
ographic studies 

Lung —The unilateral nonpcrfused lung (Fig 10- 
41, A) can be due to many causes mcludmg congera 
tal absence of the ipsilateral pulmonary artery with 



ear Iraclieal deviation by a mass The mass moved witb swat 
lowing and an experienced thyro d surgeon was sure it was of 
thyroid or gm At surgery a branchial cleft cyst extnns c to the 
left lobe of the thyroid was excised 


the lung suppbed by a ductus or bronchial arteries 
(Fig 10-41 B and C) Massive canhomegaJy as with 
a large ventricular septal defect, can lead to function 
al diversion of flow to the opposite lung, usually this 
IS due to air trapping on the left flrom pressure on 
bronchi and increased flow to the right lung (Fig 10- 
42) 

Bronchial obsmtctioD as from a foreign body, can 
be most confusing if the air trappingis not noted and a 
lung scan shows nonperfusion (Fig 10-43 v4) The 
angiocardiogram of such a patient shows that the 
scan faithfully reflects the diminished slow flow 
through the otetructed side (Fig 10-43 B) SumJar 
findings in adults with bronchogenic carcmoma have 
been erroneously attributed to invasion of the pul 
monary artery when m fact they reflect endobronchi 
a] obstruction The unilateral hyperlucent lung seen 
after radiation therapy kerosene ingestion and aden 
oviral pneumoma reflects similar diversion of flow, 
usually secondary to obliterative bronchial and bron 
chiolai disease (Fig 10-44) Pneumoma acts as a fo- 
cus of nonperfusion on lung scans This creates con 
fusion in adult radiology in separating it from pul 
monary infarction Patients with both bactenal and 
hpoid pneumonia have shown this picture (Fig 10- 
45) Areas of diminished perfusion in cystic fibrosis 
correlate well with dimimshed ventilation on venbJa 
non scaniung 

Such chrome diseases as cysuc fibrosis and immu 
nologic disorders with pulmonary mamfestations 
(e g agammaglobulineima) can be followed by chest 
films and lung scans to study sequential bronchial 
obstruction or chronic pneumonia. The scans may 
show more severe mvolvement than is apparent in 
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FJg 10-41 -A total nonperfus on oftheleftiungona 
radoactve album n lung scan The picture cannot be 
interpreted without knowledge of the history and chest 
tlms B chest dm of the same patent shows 
overc rculation in the right lung and slight left s ded sh ft of 
the mediasl num Barium del neates an indentation of the 
I ght aort c arch in th s ch Id w th congen lal absence of the 
central segment of the left pulmonary artery C, pulmonary 
ang ogram shows all flow to the right lung Branch 
stenoses of the right pulmonary artery and r ghr ventricular 
hypertension were present R ght aortic arch w th lelt 
Innominate artery was venf ed in later films of the left $ de 
of the heart and aorta 
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Fig. 10-4 J - F Im of an infant w th total nonperfus on of m 
lung on lung scan shows card omegaly and owe reu a o o 
the rght The hyparlucent left lung reflects uapp ng of a om 
p assure by the heart (espec ally the la ge left at um) on the e 



m ft onchus Ang oca d og aphy demonstrated d version 
0 he r ght lung w th a patent though small left pulmo 
•y A a ge vent eular defect was the pr nc pal card ac 


Fig 10-43 -A combned lung scan wth chest lim shows 
s ght med ast nal sh ft to the r gnt and total nonperlua on o me 
left lung Th a pattern s typ cal when the la get lung s t aop g 
er as with endobronchal obstruct on Qranuaton issue w 
found n the left ma n slam bronchus w m edema and narrow ng 
The h story suggested asp rat on of a peanut B venous at>g o- 


ca a ogram shows g eate hype lueency end ncreased volume 
on he le t w tn slow flow through the patent left pulmonary ar 
e y In the r ght lung contrast med um has a ready passed 
h ough the an* e$ to the pulmonary ve ns w th f II ng of the left 
el um vent ele and aorta (Courtesy of Dr D P ni 
cheie NY) 


la s New Ro 
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Fig 10-44 —Th s 5 yea o d Id at age 2 tiad ngested kero- 
sene A chest I Im shows 8 r t app ng n the right lower lobe 
magn f ed by expos ng the t Im dur ng exp rat on S lung scan 
shows pronounced nght bas lar underperfus on age n relleel ng 


Fig to 4S -Th a ch Id 9 years of age suffered from we ght loss 
and hemoptys s A chest I Im shows massi ke dens i es n me 
upper lobe of the left lung 0 agnos s was infected cyst c mass 
peas bly congenial e tung scan demonstrates almost total iton- 


red red on of How due to ajr Irapp ng Th s s p asumably due to 
byd ocarbon pneumon a lead ng to ob lerat ve pronch ol tis 
S m lar changes have been seen after adenoviral pneumon a. 


pertua on of the a aa Anoma oua blood supply was cona da ed 
Surgery revealed normal blood supply to the left upper lobe 
wh cn was nvoivad by extent ve I po d pneumon a Latar a h sto- 
ry waaobtaned of ehron eus«tromaoe2to4alc ly nosedrepa. 
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Fig 1(M6 -This 9 year old giri had a bor>e age of ? years Severe hypothyroid sm B. lateral thyroid scart shows a slight 

short stature and severe cyanotic heart disease Growth U tore aena<jn» ot tunetonin^ tissue after prim ng &y thyroid st mulating 

was attributed to the heart d sease A, skull f Im shows crcm neni hormone The I ssue is at the base of the tongue and represents 

sutures wormian bones in the lambdodal area prom neni sella nguai undescended thyro d remnant causing severe hypothy* 

turcica and dense base of the skull-ad signs ot uncecogn sed o d $m 


Fig 1M7 -In a girl with a large right upper quadrant mass B scan at I7 hours wm filing of the cold area by rosabengal bile 

arteriography had shown draping of hepat e vessels but no eon murtore shows the mass to be compatible with the el meal im 

elusive evidence of tumor History of interm ttent fever suggested press on oi choledochal cyst Anastomos $ to the intestine ted to 

choledochal cyst A, scan 30 minutes alter adm msiration of rose decompression of the pan ally obstructed estrahepaiic bil ary 

bengal shows a large cold area in the region of the porta hepaiis system {Courtesy of Dr D Darling Boston fromWiiiams efa/J 
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Fig 10 SO — S C hemoglobinopathy with 
functional asplenia Technetium sulfurcolloid 
scan shows no sign of splenic uptake in a 
pat ent with greatly enlarged spleen Reversion 
to normal followed transfusions This 
represents functional asplenia Most such 
cases have been of &-S anem a 


chest films At an age when evaluation of the func 
ton of each lung Is impossible by bronchospirometrv 
lung scanning plus inspiration expiration chest films 
IS of great value 

Thjfroid -In the thyroid gland both benign and 
malignant masses can be studied The cold nodule 
may be due to either cause, some thyroid tumors are 
so differentiated as to trap the isotope while the me 
tastases in the lung can also pick up the tagged lo 
dme, especially if the normal thyroid gland has been 
removed Scanning of the thyroid gland should in 
elude the base of the tongue Some patients with 
undescended lingual thyroid tissue may m childhood 
have hypothyroidism with years elapsing before the 
true diagnosis is made During this time there is 
growth failure, with permanent damage to the child s 
normal development (Fig 10-46) 

Liner —Two basic scannmg agents are used The 
first, rose bengal is eliminated through hepatic func 
Son mto the bile so it can be used in study of biliary 
obstructive disease Choledochal cysts which repre 
sent dilatation of the common bile duct may fiH on 
delayed scans (Fig 10-47) although seeming cold in 
early scans The cold area might indicate anything 
from a tumor to an abscess but its later filling pwints 
to choledochal cyst The method has bttle if any value 
tn the jaundiced neonate with biliary atresia 
second group of agents go to the reticuloendothebal 
system technenum sulfur colloid is generally used 
This group outlines abscesses tumors and infarction 
which replace normal reticuloendothelial tissue (Fig 
1048) Care must be taken to avoid mismterpretmg 
peripheral cold areas as meanmg mtrmsic disease, 
otherwise liver pathology is read into scans of renal 


m-isses (tumors cysts) that indent but do not invade 
ihe idjacenthvcr 

i,>leen -Technenum sulfur colloid outlines the 
normal spleen and reveals the intrasplenic mass of 
-u) epidermoid cyst (Fig 1049) or the nonvisualized 
enlaiged spleen in sickle hemoglobinopathy of the S 
C type (Fig 10-50) The latter is a paradox and appar 
entl> reflects anenovenous sbuntmg and splenic 
engorgement that is reversed by transfusions It be- 
haves as a case of functional asplema the peripheral 
blood smear may show Howell Jolly bodies as signs of 
circulating aged red cells that should normally be 
sequestered by the spleen 

Kidney -The former limited use of renal scanning 
for diagnosis was due largely to the limitations of 
scans done wlh radioacuve mercury They showed 
gross fUlmg defects from trauma or with tumors such 
as lymphoma (Fig 10-51), but scaiming was time 
consuming and insufficient scanning agent was re 
leased in a short enough period to allow observation 
of ureteral anatomy Newer agents such as techne- 
tium DTPA allow both visuahzation of renal homo- 
geneity or heterogeneity in terms of masses and rapid 
flow mto and recordmg (with Anger cameras or siml 
lar rapid scanmng devices) of ureteral and bladder 
dynamics For example, the dilated but really nonob- 
structed hydronephrotic ureters in cases of congemtal 
absence of the abdommal musculature (Eagle-Barrett 
syndrome) can now be studied (Fig 10-52) Hyperten 
Sion has been evaluated in adults by renography, us- 
ing companson of vascular secretory and excretory 
phases with varying results Such studies in pediatric 
patients are Imuted although used in some centers 

Central nenous system -Bram tissue may pool 





Fig 10 S2.— Absence of abdominal musculature and h>df u 
tef (Eagle-Barrett syndrome) m a male infant Technei un dtp*, 
scan as minutes after inject on shows rapid f It ng of the u>et 
ind eat ng the nonobstructive nature of ureteral d latat on n n s 
syndrome (Courtesy of Dr G S Freedman New Haven Ccnn 


isotopes in diseased areas unlike most other sites m 
which coldness indicates disease Tumors tnfarci 
and abscesses are grossly ouctmed bur diflferenua) 
diagnosis requires further study and often expiora 
non The ease of scanning and safety of repeated use 
make it useful in study of brain abscesses in patients 
with cyanotic heart disease Isotope cisternography 
and ventriculography are used in the study of hydro- 
cephalus and the efficacy of shunting procedures 
Heart —Pericardial eff'usion can be outlined by 
blood pool scans (as with radioactive Cholegrafin) 
combined lung scanning accentuates the cold area 
surroundmg the blood pool However as with CO, 
angiocardiography such methods are being replaced 
by echocardiographic studies 
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Ultrasound 

The use of ultrasound will be of great value in the 
diagnosis of masses and their effect on normal organs 
and in the study of motion of normal structures. Two 
tvoes of scans can be obtamed A scans recording the 
am iliiude and site of reflection of the pulse scans 
and B scans the stored multiple reflections with a 
noving «c'innmg head the end result being a cross 
t Ml of scanned areas 

scans which delineate the imdline of the cranial 
<j ts and can be used to detect shifts from the 
I 111 » especially helpful when the pineal is not 

I I d I he postenor myocardium gives a separate 
0 -n n that of the pencardium when there is pen 
y Uttiion Cardiac valve motion can be studied 
J i ses cause a multitude of bizarre echo spikes 
m d to the anterior and postenor tracmgs with a 
Iter obtained from a cystic structure The lat 
( ( pes die seen with benign cysts as well as cystic 
iJbai tumors such as necrotic neuroblastoma 
v I 53 A and 6) The tracmgs cannot differenti 
I ign from maLgnant masses but they do show 
I ro iss IS not solid In an mfant with abdominal 
hydronephrosis caused a clear central space 
he iwcen the amenor and postenor walls of the dilated 
renal pelvis (Fig ]C)-52 C) whereas Wilms tumor 
caused irregular multiple tracings between the an 
tenor and postenor limits (Fig 10-53 D) Ultrasound 
has great promise especially when combined and 
correlated with radiographic precedures 
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Carbon Dioxide Contrast Studies 

Carbon dioxide (100%) is a safe contrast agent for 
(be investigation of pencardial effusion and outlining 
of pleural and pentoneal borders It can also be used 
for retropentoneal gas studies Its rapid diffusion a] 
lows Its use within the vascular system 
Pericardial effusion —Rapid intravenous injection 
of CO In about 1 cc/lb volume outlines the thickness 
of the right atnal region in study of suspected pen 
cardial effusion With the patient on his left side the 
nght atnum acts as a trap for the CO, which outlines 
the inner wall of the nght atnum and allows estuna 
don of the thickness of the amal wall (The presence 
of a nght pleural effusion would render this estimate 
inaccurate as it too would layer fn the area of the 



Fig 10 53 -A and B stud es n a newBorn » IM marked r gM 
crb tal p optos s secondary to relroBu bar cyst c necrol « 
roblastoma A water soluble contrast rr 
mass del neates a sJghiy ir ' ■ * 

area represents a nodule ol ' 
shows anteror and poster oi 
cente suggest ng the cyst c r 


n njected t>to the 
«r orty The Wack 
le B echo B scan from above 
irv I near ref ect ons w th clear 
eoftheleson Chest I Itns and 


is pyelograms showed no abnorma t es but bone mar 
row conta ned rteuroblastoma ce s (Courtesy of Dr L Po ak 
New York } C in hyd onephros s an A scan shows sharp deflec 
tons by the anteror and poslenor wa s ol the d lated renal pel 
V s at 7 and 12 cm D in W Ims tumor an A scan shows mull pie 
echoes from w th n the la ge tumor between S and 8 cm (C and 
D courtesyof Or J LeFebvre Pans] 
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Ftg 10 54 Du nganuppe resp ato;y nfect on in an 
otheiwse healthy nfantSweeksofage achestfim 
demonstrated a flash shaped ca d acimage Th sra sed 
theguest onolpe cardaleffus on desp Ceno mal late al 
chestfim e ecirpca d ogram end heart sounds Thefase 
pos I veCO, study shown here nd cates an apparent r ght 
at alwallihcknessof tOinm demonstratng that the thymus 
canexiendtothedaphragm naheathy nfani 


,J 


Fig 10 SS (left) A quest on of hemope card um was ra sed 
n a 4 month old intant w th verti eu a septal delect co ected 
transpos t on ot great vesse s and congen tal heart bloch The 
CO, study shows a normal nght at alwalil mmthcK Apacemak 
er cathete s in the t ght at um 
Fig 10 56(rlght) A premature infant w th transpos I on of the 


g eet vessels had ea d sc a tst that requ red ntraeard ae ad'f h 
istrat on ot ep nephr ne S gns of card ae tamponada led lit Ihe 
CO study that demonstrates 11 mm th ckness of the r ght Ftr al 
wa I Autopsy revealed hemoper card um secondary to ruptufF 
the r ght coronary artery by the ep nephr he n ecl on 
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FI9 10 S7 patient SVi years or age with neurofibromatosis 
and optie alioma had a rout ne cheat turn that showed abrwrinai 
cardiac shape suggestive of congenital absence of we teft perw 
eardium To prove the diagnosis left pneumothorax was induced 
with CO, The film shows gas passing through the comb ned left 
pleuropericard al delect to outline the d aphtagmatie and te- 
rns nirig right pericardium 


nght atnal wall with the patient lying on his left 
aide) Although pediatnc measurements are lacking 
we base used 1-2 mm as a normal wall thickness in 
the mfant, 2-3 mm in the young child and 5 mm In 
the older child A wall of more than 10mm would be 
abnomtal and an effusion the most Lkely diagnosis A 
false posiQve result can be caused by a large thymus 
(Fig 10-54). but films elinunatmg a diagnosis of pos- 
sible pericardial effusion (Fig 10-55) or confirming it 
(Fig 10-56} are readily obtained even at the patient’s 
bedside Tbe technic has largely been replaced by 
echocardiography TTie A (for ampbtude) scan will 
show separation of the posterior myocardium from the 
pencanlium by fluid 

Pleuropericardial defects —In the evaluation of 
major absence of the left pericardium the utjection 
of CO, is safer and as accurate as air and can be diag 
nosQc Smce there is commonly an associated pleural 
defect an induced left pneumothorax will show the 
CO, passing through the combined pleuropericardial 
defect info the remaining pencardium The gas pas 
ses around the heart and with the patient in the left 
lateral decubitus position, outlines the pencardium 
adjaceut to tbe nght atnum (Fig 10-57) Tbe diagno- 
sis should be estabbsbed since the abnormal appear 
ance of the heart in tbe chest film and the possible 
findmg of arrhythmias and murmurscould lead (0 an 
incorrect diagnosis of bean disease in an otherwise 
healthy child 

PneumopenloneogTaphy -Induced CO, pneumo- 
peritoneum is useful in outlining tbe diaphragmatic 
pan of the peritoneal cavity With the patient In erect 
position the papet thin outline of diaphragmatic ev 
entraoon (Fig 10-56) can be demonstrated in some 
infants whose chest films suggested a chest mass or 


Fig 10 58 -An mfani 6 weeks ol age who was Be ng plaert 
lor adoption had a routine chest Mm that snowed a large nght 
paracardiac anteromed af mass To ven^ the radiographic 
press on of partial eventrati 


r ghi a aphragm pneumo 


perrtoneum was indueed by CO, in the erect f )m ol the abdomen 
me bulbous e'evei on ol a portionol the liver fits into the thin arse 
of diaphragmatic eventration accounting for the chest mass 
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enlarged heart The high position of the hver is readi 
ly revealed by the procedure, and CO, has replaced air 
for this study Since the normal hver and spleen fall 
as the CO, rises, damage to these organs can also be 
demonstrated by CO, pneumoperitoneum Trauma, 
hepatic abscesses and subphremc abscesses with 
pleural effusions have been studied, failure of normal 
hepatic or splenic descent is considered to be mdica 
live of subdiaphragmatic disease 
Pneumomediastinography —Carbon dioxide does 
not remain long enough in the mediastmum to be of 
help in distmguishing a prominent thymus from an 
enlarged heart We have not used air although, with 
care, air could serve to float the thymus free of the 
heart 
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The Chest 


Radiographic interpretation of chest films of the 
newborn is difficult at best The radiologist is ham 
pered by not knowing, in many cases, the nature of 
the infant’s respiratory problem The films are taken 
dunng a penod of rapid adaptation to extrauceiuie 
life, with replacement of the fluid filled fetal lung by 
the aerated newborn lung The first hours of life are a 
transitional state with varying degrees of persistence 
of the fetal circulation (elevated pulmonary vascular 
resistance and potential bidirectional shunts at the 
ductus artenosus and foramen ovale) Avery’s book is 
a major contribution to the correlation of physiologic 
knowledge and medical problems m this age group 

Rarely are films taken under direct medical super 
vision Crymg opacifies the lung fields and a film 
obtained directly after a cry may show evidence of 
deep gasp (simulating air trapping) and the heart 
may enlarge as the blood rushes into it Thymic and 
cardiac images are difficult to separate The radiolo- 
gist feels inadequate in many Instances to define 
what IS going on in the infant's chest at the moment 
the film was obcamed He should realize that his mad 
equacies are shared not only by the pediatncians but 
by the nconatologists (a growing subspecialty of pcdi 
atncs) armed with blood gas analyses and direct ob- 
servation 

The following discussion Is based on the radiolo- 
gist’s knowledge of certam minimal facts These in 
elude the gestational age and weight of the infant 
the tune of onset and nature of the symptoms and 
pertment acid base data No attempt is made to give 
an encyclopedic bstmg of causes of respiratory dis- 
tress in the newborn The references are selected for 
their freshness and their bibbographies Histoncal 
references not included here will be found in previous 
editions of Pediatric X ray Diagnosis 

It is worth stating (and this will be repeated 
throughout the discussion) that the findings in any 
single radiograph could be either pulmonary or car 
diac (or both) in origin and that only time, cluneal 
observation and repeat chest roentgenograms lead to 
a specific diagnosis In some pauents one can only 
conclude that whatever the infant recovered from 


was "transient ’ and bemgn The admission of igno- 
rance is to be encouraged when indicated To us, this 
is more factual than glvmg a specific nonprovable 
name to observations from a single film, such as 
"transient tachypnea due to retention of fetal lung 
fluid " 

Radiographic Technic 

The imtial chest study of the distressed newborn 
should include frontal and lateral views with much of 
the abdomen debberately included This is important 
smee coexistent senous abdominal abnormality may 
be present, also the chest signs may actually reflect 
abdominal disease CoUimanon to screen the extremi 
ties should be used Immobilization is most important 
in obtaining a good film, the use of diapers or sand 
bags or simply holding the anns and legs assures 
well-centered films if care is taken Mechamcal ze- 
straimng devices have not proved valuable In our 
expenence 

Ihere is no need to take chest films with the new 
bom erect, the position is not physiologic and usually 
results m a sagging infant and distortion of the chest 
and lung detail The frontal and lateral projections 
may be supplemented when needed by oblique, later 
al decubitus or cross table lateral views, especially 
when pneumomediastmum or pneumothorax is ques 
Honed 

Since portable radiographic equipment is usually 
used to examine sick newborns, it is important that 
films can be taken with at least 60 ma and ‘/so second 
exposures, more rapid exposure is obviously desira 
Ue The 750 and 1000 ma generators with 0 3 mm 
focal spot tubes allow rapid exposures with sharp 
definition and also oifer the option of magnification 
radiography A 14x14 in chest film of a newborn 
provides a unique opportunity to observe details pre- 
viously not appreciated It is a superb teaching tool, 
the cost IS Increased radiation exposure The major 
disadvantage of such equipment has been that, in 
general, the infant must come to the machine rather 
than vice versa 

The Ideal neonatal intensive care unit (a better 
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Glandular Canalicular Alveolar postnatal 



term than premature nursery ) would include the 
above eqiupment possibly with option for television 
fluoroscopy and tape recording This and an adjacent 
blood gas laboratory possibly automated for tmmedi 
ate readout would give meaning to radiographs 
smce they could be instantly correlated with the pa 
Qent s current status 

Factors Determining Fetal Lung Growth 

The fetus breathes through the placenta. Ten to 
15% of the blood reaching the right heart perfuses the 
fetal lung the remainder is diverted in utero by large 
right to-left shunts at the foramen ovale and ductus 
arteriosus Senous cardiorespiratory malformations 
incompatible with extrautenne survival are well tol 
erated in utero 

The tracheobronchial tree forms as an outpouching 
of the primitive foregut at about the 3Vs week stage 
by subsequent branching the primary and secondary 
bronchi appear This development continues from the 
4th to 16th week when bronchial generation is large 
ly complete Simultaneously the diaphragm gastroin 
testmal tract and kidneys are developing and any 
major malformations of these organ systems may be 
associated with pulmonary hypoplasia. The associ 
ated cluucal respiratory distress syndrome in such a 
patient may divert attention from the real abnonnab 
ty and delay the diagnosis until it Is revealed at autc^ 
sy Bronchial cartilage deposition begms at about 10 
weeks and contmues until the 24th week. The alveota 
grow at a steady rate throughout gestation however 
unlike the cartilage and bronchi, alveolar growth con 
tmues into postnatal life This is well demonstrated in 
Figure 10-59 Surface active agent (surfactant) the 
hpoprotem which prevents total collapse of the post 
nati alveoli on expiration begms to be formed in the 
alveolar Iinmg cells m the second and begmmng of 
the third Oimester 


The fetal lung is not a tmy totally collapsed struc 
tuie but IS partially expanded by fluid formed within 
the lung probably from the alveolar hmng cells It 
has a different composition from that of ammooc 
fluid Fetal lung fluid probably contributes to the 
amniotic fluid as it is constantly being formed in the 
lung There is speculation that it may be in part re- 
tamed in the lung by spasm of the laryngeal muscle 
That the fetal lung is partially expanded by fluid has 
been demonstrated both in fetal animal surgery and 
in radiographs of human fetuses after Inadvertent 


fig -The letal lung pariVy axpanoeS by leiat lung tio d 
Ths raOograpn taken Ourng aRempted intrsuterne transfu 
son shows nadveneni intrapleural Inject on of the contrast 
med um The fetal lung is seen as a f II ng defect 
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Fig 10-61 —Lungs of a normal newborn in the liisiminutas 
of life show f ssural thickening streaky radiat ng densities artd 
slight enlargement of the central mediastinal image The infant 
was in no d stress Unanswerable questions include is this Iran 
s ent stasis of fetal lung fluid ord nanly taken up by the fymphal 
Ics and ve ns is there slight cardiac d latatiort n this a mild 
congestive change and finally is this normal 7 

injection of contrast matenal m the pleural space 
during Intrautenne transfusion for erythToblastosis 
Hie fetal fluid filled lung is seen to occupy a signifi 
cant portion of the henuthorax (Fig 10-60) 

Cuieradiographic studies at the time of debvery 
have demonstrated almost total aeration of the lungs 

Fig 10 62 — Thorotrast In the gastrointestinal tract and lungs 
of an abertad fetus the contrast med urn was iniectad mto the 
smniotie cavity the day before abortion The hing opacification la 
new thought to reflect fetal gasping and aspiration rather than in 
utero respiration aa formerly balieved (From Oavisand Potter) 



in the first breath or breath^, iti the few infants 
studied. The actual fate of the pulmonary fluid is not 
known although its extraordmanly rapid removal 
through the trachea and bronchial tree secondary to 
thoracic compression during delivery seems to be the 
mam mechamsm Capillaries and lymphatics proba 
bif also remove some of the fluid Films taken m the 
dehvery room of normal newborns have occasion 
ally shown streaky radiating pulmonary densiucs 
thickened fissures and even mlmmal pleural reaction 
(Fig lft-61) The pattern resembles pulmonary edema 
and the heart may be slightly enlarged The infants 
were subsequently well This may be evidence of ttan 
slent cardiorespiratory distress that was self limited 
and related to impaired resorption of the fluid Hams 
stated that abnormal pulmonary densities may be 
found in chest films of newborn infants who have no 
cluucaity apparent respiratory difficulties He consid 
cred these fleeting densities to be the result of pbysi 
ologic disturbances which in a given infant, are not 
suffiaent to produce climcally recognizable signs 
The fetus does not normally respire in utero unless 
It IS hypoxic and gaspmg Physiologic studies in pn 
mate fetuses have suggested that Davis and Potter’s 
Aims showing Thorotrast (injected into the amruoQc 
space before abomon) in tbe lungs of the aborted fe- 
tus reflected fetal distress and not ’ breathing” (Fig 
10-62) 
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The Newborn wfih Respiratory DIstrest 
Fetal lung development requires a normal cushion 
of anuuoQC fluid (as well as an intact diaphragm) to 
prevent undue internal pressure by the huge fetal hv 
er and external pressure by the uterus on the develop- 
ing lung. In a patient with oligohydramnios and re- 
spiratory distress severe renal malformations or 
chronic amniouc leakage should be considered. Any 
condition leading to major obgohydrammos may be 
manifested by lethal pulmonary hypoplasia. A few 
gasps may be made or the infant may live a few 

hours The lungs are stiff and readilyrupture causing 

mtetsQttal emphysema which may lead to pneumo- 
mediastinum and pneumothorax (airblock). Misshap- 
en ears and a receding chin (Potter's facies) may be 
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Fig 10 fiS -Pottersfasies characteristic of bii4t«rala9eft«s>s 
In A the bilateral retroperitoneal masses are large fetal adrenal 
glands There Is a facial resemblance m all three infants flat 


nose receding chm and large flattened distorted ears C sh^ws 
the abnormal distance beNreen the eyes and prominent epiedf* 
lhal fold (From Potter ) 




noted as well (Fig 10-63) Conversely, respiratory dis 
tress in an infant after bydranuuos has been observed 
should alert the physician to the possibUity of esopha 
geal or duodenal obstruction (the usual absorption of 
swallowed amnion in the small bowel cannot occur) 
or cervical obstructions (such as teratoma) which 
prevent swallowing Mecomum staining of a dis- 
tressed infant suggests fetal hypoxia and prenatal 
defecation with aspiratton of meconium This must 
be suctioned out before resuscitation and oxygen 
administration Purulent ammotic fluid may be asso- 
ciated with fetal and neonatal pneumonia and sepsis, 
the placenta should be exammed and cultures taken 
Some surgical causes of respiratory distress (lobar 
emphysema, cystic lung disease) arc apparent after 
the fiKt few hours of life Others, such as diaphrag- 
matic hernia and eventration, cause symptoms im 
mediately to the degree that there is pulmonary hypo- 
plasia (both on the side of the anomaly and on the 
opposite “normal” side) Hyalme membrane dis ease, 
preferably called respiratory distress syndrome|usual 
ly does not cau% acute symptoms immediately after 
birth, although on careful observation, respiratory 
abnormalities are detectable Abnormalities of the 
thoracic cage may be associated with severe re 
spiratory distress such as that seen with severe infan 
tile osteogenesis imperfecta or with the tiny unyield 
ing thorax of the asphyxiating dystrophy of Jeune 


Some such paoents survive, and the thoradc csse 
must be assessed in the infant with early respiratPi? 
distress 

Some infants with severe postnatal respiratory dis- 
tress have unrecogmzed cervical cord damage or even 
transection The neurologic deficit may not be reccfg 
nized and the patient is considered to have respiratory 
distress syndrome Radiographic demonstration of 
marked narrowing of the trachea during uispiratK^n 
(Fig 10-64) should not be confused with or called “tre 
cbeomalacia.” Hus term is poorly defined and places 
the blame for clinical findings on an abnormally sof^ 
collapsing trachea Once it is realized that the infant’s 
trachea normally is markedly responsive to tranS- 
mucal (cansmission of intrathoracic and extrathoradc 
pressures and strainmg, it is not surpnsing to see eit 
tieme ranges in caliber The same comment could be 
appbed tothe somewhat older infant with noisy strido- 
rousbieathmg (This too has been called tracheomalA 
cia, although it is almost always merely noise in an 
otherwise healthy infant with floppy aryepiglottJc 
folds that partially collapse over the glottic airway 
dunng Inspiration ) 

The physician confronted with a distressed new- 
born m the dehvery room should promptly obtain ® 
chest film to distinguish remediable surgical condi 
turns from nonsurgical or nontreatable causes of re- 
spiratory distress 
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Fig 10 M -A ma ked t aereal narrow ng tn an inlaoi wth 
obstatr e C 5 and C 6 eo d transect on Autopsy showed ncom 
plete tracheobronch al cart lag nous rngs no difeent (rom 
those seen n other infants dy ng at the same age of tton esp re 
toryeausea B tn a desperately II ntant a very narrow i acheam 
the late al chest l Im (not shown) could have been confused w th 


pr mary tracheema ae a The f ontal p o ect on shows the cause 
of reap a ory d at ess to be the t ny tho as w th reslnct ve r b 
mot on termed Jeune a thoraee asphyxslng dystrophy Rad 
ograph ca ly (ar^d semet rnes cl n ea y) th a asm ar to the Ell s 
van Creved dwarf sm seen ntheAmsh some pat ents w thth a 
synd omesurv ve butthechest emanssmall 
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Tig 10 66 — Cerv cal teratoma in a newborn infant 
w th resp ratory distress and marked maternal 
hydramnios Ttie large cervical mass contains 
caicificat ons (arrow) Tbe thyroid scan suggested a 
mass of th^oid or gin but the extrathyroidal teratoma 
was removed wth relief of the airway obstruction 


Mechanical airway obstruction -Upper airway 
obstruction is harmless in uteio, although sometimes 
accompanied by hydiamiuos if swallowing is also 
obstructed It may endanger Ufe after birth since the 
newborn is virtually an obligatory nose-breather due 
to the honzontal position of the large neonatal 
tongue Bilateral choanal atresia therefore maybe a 
critical emergency The diagnosis is suspected when 
covenng of the mouth causes cyanosis and dyspnea 
Nasal catheters cannot be advanced and the diagno- 
sis 18 readily conArmed by the instillation of contrast 
material into each nostnl with the infant in the hon 
zontal position (Fig 10-65) Submental vertex and 
lateral views confirm the presence of obstruction 
usually in the postenor nasd cavity Fibrous or bony 
septa may be present but are very difficult to iden 
tify in plain films Immediate treatment is insertion 
of an oral airway through which the infant can both 
breathe and swallow Gastrostomy is occasionally 
needed The second possible site of obstruction is the 
nasopharynx which may be blocked by tumor for 
example a teratoma Such tumors are visualized as 
large soft tissue masses obstructmg the nasopharyn 
geal airway m the lateral projection Children bom 
with hypoplastic mandible and a large postenor 
tongue (Pierre Robin syndrome) may have airway 
obstruction Prevertebral soft tissue masses may 
compress the airway Hemangiomas around the glot 
tis prevertebral neuroblastomas, cervical hygromas 
and teratomas and goiter can all cause obstruction 
(Fig 10 66) In each case the plain film shows the 
level of the ohstrucbon, mstiUaQon of contrast raaie- 
nal into the airway is occasionally needed to confirm 
the diagnosis 

Atresia of a portion of the trachea may be present. 


with air entering the lung through a fistula between 
the esophagus and the bronchi Death is the usual 
outcome although the potential for cure eiosts 
Roentgen studies show the nasotracheal tube and the 
nasogastnc tube to be in the esophagus, and to over 
lap each other in the lateral projection (Fig 10-67, A 
and 6) In contrast study of the esophagus the mate- 
nal fills the bronchi through the esophageal fistula 
(Fig 10 67 C) 

The tracheobronchial tree may be obstructed by 
mediastinal mesodermal tumors hemangiomas or 
bronchogemc cysts (Fig 10-66) In these instances 
the lungs may show unilateral or bilateral air trap- 
ping or retention of fetal fluid (Fig 10-69) Varying 
degrees of mediasunal shift may be present Specific 
diagnosis may not be possible however mechamcal 
mediastinal obstruction can be identified as the cause 
of the respiratory distress by conventional and bar 
lum studies of the esophagus 
Although the commonest causes of respiratory 
difficulty in the neonate are related to medical condi 
tions It must be repeatedly emphasized that surgical 
ly coirectibie conditions may mimic medical re- 
spiratory distress 
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Pig 10 07 Tracr«al agenes a A s»v«r« rasp rstory d at aaa 
Oeveopad tn Iht Uf hpur of 1 (e and ina I ontal v ew shows 
s(r««ky dens t *s end a la ge heart The nfant had been 
meeon um sia ned and mecon um asp rat on was suspected B 
the • was d ft eu ty In ntubaion and the late al project on 
shows (though only n lairospect) that the nasot aeheal tube la 
aeiua ly n the esophagus a ong w th the nasogast e tube 
(arrows) At autopsy the t achea was absent rrom balow the 
larynx to the ca na. whe e a ) alula common cated w Ih the 
ca na and slowed some a r to enter the lungs C banum 
swa low demonsi ates the f il ng of a I stula to the branch al 
t ee A I pa ents w th such a r stula have d ed (C courtesy of 
Or T Spackman New Haven Conn ) 



newborn has caused I«f1 b onch al obstruct on w tn reteni on of 
(dal lung (tu d. Thus the opaque left s de of the chest Is aduall/ 
an emphysematous left lung t lied w th flu d rather than a r ^ Ims 
after a bar urn swal ow should be obia ned n such a pat ffht to 
sea ch lor esophageal dev at on before attempt ng thoracente- 
ss (Courtesy of Dr N T Gr scorn Boston} 
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Taybi H CongemtaJ malfoxinations of the larynx trachea 
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respiratory distress stridor and collapsing trachea Radiol 
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Transient tachypnea of the newborn — Tach 
ypnea alone has been observed in a small group of 
infants 1 or 2 days of age whose films show streaky 
densities thickened fissures and shght cardtomegaly 
Avery has called this uncommon occurrence of self 
limited tachypnea without other signs or symptoms 
transient tachypnea of the newborn (Fig 10 70) 


other terms are transient respiratory distress syn 
drome transition syndrome and wet lung of the 
newborn The pathogenesis is unclear A\ery specu 
lated that it could be a delay in venous and lymphatic 
removal of fetal lung fluid The diagnosis requires 
knowledge of the course as well as correlation with 
the clinical and laboratory studies The major diffi 
cutty in assigmng a cause of such tachypnea is that 
all infants recover It seems to be a self limited nu 
nor derangement in adaptanon to extrautenne life 
During this period the foUovnng must occur fetal 
lung fluid must be resorbed or expelled through the 
trachei^ronchial tree all segments of lung must aer 
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Fig 10-71 —Chest f Im of an nfant w th tyc* cal 
resp ratory tJ suess syndrome F ne granular 
dens t es surround a r t lied branch The 
med ast nal mage is wide (t snot known nany 
g van case whether th s s due to fa lure of Ihym c 
shr nkage or to card ac d latat on) (Courtesy of Or 
ft C Ablow San Franc sco ) 


ate and stay inflated central respuatory centers must 
function normally Intracaxdiac and extracardiac 
shunts are present with the direction of flow deter 
mined by the fluctuating relaaonships of pulmonary 
and systemic artenal pressure To attnbute the cliiu 
cal and radiographic Endings to a single factor such 
as fetal lung fluid is attractive but unwarranted 
Abnormal pulmonary densities in the chest Elms of 
newborn infants without clinically apparent re- 
Bpizatory difflculoes may be the result of physiologic 
disturbances not sufficient to produce clinically recog 
mzable signs They should not be dismissed as nor 
maL 
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Respiratory distress syndrome (kyaltne mem 
BRANE disease) —This frequeotly fatal disease is 
largely confined to newborn infants weighing less 
than 2000 Gm. It has however been seen m larger 
infants in the macrosomatic infants of diabetic 
mothers and In infants bom by cesarean secDon The 
old concept of primary failure of lung expansion is 
not an acceptable diagnosis for such newboms with 
respuratory distress rather it reflects the onset of pro- 
gressive atelectasis m previously expanded lungs 
leading to respiratory and cardiac failure although 
usually not clinically detected for several hours Radi 
ographs at this time may look normal or show s mini 


roal granular pattern With progression of the atelec 
tasis granular densities become more apparent these 
represent overlapping collapsed areas (Fig lCA-71) 
The air filled bronchi stand out causing an air bron 
chogram They are paroculaily distended and there- 
fore well seen when the pabent is receiving assisted 
ventilation In fact both granular densities early m 
the course and the air bronchogram vary with the 
phase of ventilatory assistance Some of these penph 
era! dilated air spaces perhaps reflect nuld interstitial 
pulmonary emphysema (Fig 10-72) 

Fig. 10-72 -Hyat ne membrane dseaae Close-up et rght 
lower lobe shews a r f lied brooch m rei el aga nst nnumerabie 
granular dens t es caus ng the a bronchogram s gn The email 
per pheral lucenc es probably represent deve op ng foe of nter 
St I al pulmonary emphysema. 
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Avery and others have stressed the importance of 
the Lpoprotein surfactant (surface active agent) In 
this syndrome It is manufactured In the fetus from 20 
weeks on probably in the alveolar Iming cells and its 
continued production prevents total collapse of the 
lungs on expiration Its production apparently isinade 
quate in the lungs of these distressed newborns pre- 
sumably in response to pulmonary damage from hypo- 
perfusion and hypoxiain utero The lungs thus initially 
expand then foci of collapse begin to develop usually 
avAlM'Asww.liilvE* 

regenerate as it is found in the lungs of infants dyuig 
of this condition after the 3rd day of life Manage- 
ment of the respiratory distress syndrome includes 
assisted ventilation and momtonng of blood gases 
Endotracheal mtubation is usual with assisted venti 
ladon and the tube may inadvertently enter major 
bronchi with a potential for obstruction of a portion of 
or an entire lung Climcians must be alerted to the 
position of the tube Blood gas analysis is commonly 
monitored by umbilical and/or venous arterial cathe- 
ters The artenal catheter must be away from major 
aortic ostia and the catheter’s location should be 
noted Lateral views clearly demonstrate the distal 
extent of the nasotracheal airway and easily separate 
the posterior umbilical artenal catheter from the 


amenor venous caibeter (Fig 10-73) The venous ca 
theier should Le in (he infenor vena cava or right 
atnum One (hat is inadvertently tmsted may come 
to be in a mesentenc vein or within the liver If con 
centrated alkali solutions are injected in these sites 
major necrosis is likely to develop (Fig 10-74) The 
aortic catheter should he above the diaphragm away 
from the brachiocephahc vessels or major ostia and 
well below the ductus artenosus (Fig 10-75) 
Respiratory distress syndrome follows one of three 
77a? .fcr i? if feieiti/ett progMefnlsw it? £ fisisUf' 
atelectatic lung with collapsed chest wall (bell thor- 
ax) and death. The second is mild with rapid recov 
ery both climcally and radiographically The third 
course Is more protracted with recovery or death 
ensuing after or in spite of vigorous respiratory assist 
ance and repeated correction of acid base Imbalance 
which may last for weeks to months During this time 
the lungs demonstrate persistence of radiographic 
abnormahties Large confluent densities develop ad 
jacent to areas of overexpanded lung and In this 
phase the patient is particularly subject to interstitial 
pulmonary emphysema, pneumomediastinum and 
pneumothorax (airblock) The lungs are stiff and do 
not fully coUapse The mediastinum may not shift 
even though there is a tension pneumothorax in 



Fla 10 74 -A and B the umb I es venous 
catheter has nadvertenti/ passed retrograde 
from the i ver tn ough the portal ve n into the 
superor mesenter 0 ven Concentrated alka 
soiut on could damage the ntestne f njected 
here C the venous catheter has passed through 
the ductus venosus and t ght etr um into the 
super or vena cava end ng n the )ugu ar veir> 

It was repos t oned In the r ght air um after th s 
rim was made 
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Fg 10 78 —A chest ( Im of a surv vor of hyal ne mernD'^ne 
d sease treated w th oxygen and asS sted vent lat on shows an 
emphysematous left upper lobe contaihing many tet cutar dets 
t es that s mutate lobar emphysema B thoracotomy spec men 
shows blebs and conta ns many d Uled lymphat c$ Patholog c 


cons derat ons ncludsd lobar emphysema as well as coex stent 
tymphang ectas s Ihe changes a e probably due to the or 9 nal 
d lease artd to the therapy (Courtesy of Or H Burko Nashvile 
Tenn) 


Stead the diaphragm inverts (Fig 10-76) The lungs 
m chrome hyaline membrane patients are a bizarre 
combination of emphysematous areas and areas of 
collapse (Fig 10-77) Air trapping is common at the 
bases Rarely a lobe is so involved as to simulate con 
genital lobar emphysema (Fig 10-78) 

In infants who die the hyaline membranes may be 

pig 10 79 —Total CO lapse of the rght lung in Ityai ne mem 
branedsease Th s cleared rap dlywth suet on ng andthechest 
was vrtuatly normal two days later D ft cu t as n clear ng secre- 
t ona from the ma|or brooch can cause alarm ng rad ograph c 
t nd ngs n pat ents with nonlethal resp ratory d at ess syndrome 




seen to be surrounded by hisaocytes that ingest and 
remove them surfactant returns Marked fibroblastic 
proliferation possibly due to the tone effects of oxy 
gen therapy is noted throughout the intersutium R is 
difficult to separate the individual contnbutioii of 
oxygen toxicity healing hyaline membrane disease 
and assisted venolauon (espeaally posiuve pressure) 
in such a damaged lung Also the infant s ability to 
expel mucus is impaired by the drying effects of the 
oxygen atelectasis of entire lobes occurs (Fig 10-79) 
Nasotracheal mtubation impairs expulsion of secre- 
tions as ciliated epithelium is replaced by squamous 
metaplasia of the trachea and bronchi 
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Pulmonary hemorrhage —The incidence of pul 
monary hemoirhage increases with the degree of 
prematunty and is a common finding in small prema 
ture infants It is often associated vrith hyaline mem 
brane disease with infection and especially with 
hypoxia At autopsy many patients with pulmonary 
hemorrhage are also found to have intracranial hem 
orrhages Whether pulmonary hemorrhage is a cause 
or an accompanying event is not settled Radiographi 
cally pulmonary hemorrhage cannot be distinguished 
from other causes of respiratory distress Indeed as 
noted they frequently coexist (see Fig 10-75) CImi 
cally according to Avery most of these patients have 
blood in the upper airway and larynx This finding is 
used by her group as an indication to treat for pul 
monary hemorrhage 

Mikity Wilson syndrome (pulmonary dtsma 
turity) -In a few infants usually weighing below 
1500 Gm mild symptoms of respiratory distress devel 
op insidiously m the 1st week of life In most severe 
respiratory distress syndrome has not been present 
Chest radiographs at this time show small bubbly 


Fig. 10 80 -focal dopathebype niaiooln a premaiu e n 
lant (da ayed pulmonary maturat on oi M k ty anO W Ison bubbly 
lung syndroms) A tha niant waghnqiaooOm hadtachypnaa 
and eyanos s and needed oxygen at 5 days of age F ne bubby 
cnanges we e present niheintaf mprortooxygeniherapy B 
inree months later (here are larger bas fa emphysematous a eas 
w th la ge coarse streaky dens I as n the m dd e and upper lung 


areas of focal hyperaeration (Fig 10-80 A) The cbni 
cal course is protracted with severe pulmonary dis 
ease and occasionally death In patients who survive 
pulmonary abnormahties may be present for months 
(Fig 10-80 B) The bubbly pattern is replaced with 
the passage of time by large confluent densities 
again more commonly seen in the upper lobes associ 
ated with large areas of overaeration m the lower 
lobes This may gradually recede centrally and the 
patient may recover fully Oxygen is widely used (and 
needed) in supportive treatment of most of these in 
fants as It IS in the treatment of respiratory distress 
syndrome so the question of oxygen toxicity has 
again been raised to explain the pulmonary abnor 
maliQes However signs of focal hyperinflation have 
been lAserved before oxygen was given and the ini 
tial cause of this syndrome is as unknown now as it 
was In 1960 when first described by Mikity and Wil 
son We beheve that the later stages so similar to 
those In survivors of chronic hyaline membrane dis- 
ease probably again reflect the noxious effects of 
oxygen and assisted ventilation. This has been called 
bronchopulmonary dysplasia by Northway al 
though it is an acquired disease not a true congenital 
dysplasia. 
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<ed$ G aduaiiythe ntentwes weened t om oxygen and over the 
next year tne lungs elurned to no mel appearance Not • I pt- 
I ents recove Spme pat enis deve op pu monary hypertena on 
and some d « of pu monary nsuff e ency fi ahows the nox ous 
ellecis of oxygen therapy Th s pat ant also race ved pos I ve 
p assure ass sted vent lat on 
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Fig lO'BI — Meconum asp rat on syndrome— a (u I term rt> 
fant who had fetal d stress dur ng labor and was meeon unv 
sta red at del very Laryngoscopy revea ed st chy mecon urn n 
the a rway wh ch was suet oned A frontal and B lateral pro ec 
t ons show an ove expanded chest w th flat d aphragm and ret 
rosternal lueency The lungs conta n st eaky and patchy dens 


t es with large dear areas and clear pe phery Ind eat ng that th s 
s a rway obsirirct on at mu t pie s las w th per phera a e eeias s 
and emphysema Pneumon a (ehem cal f om the effects of me- 
con urn or secondary to super mposed nfecl on) may be present 
but canrtot be d agriosed I om these f Ima 


Mikity V G et ol Hie Radiologie Findings in Delayed Pul 
monazy Maiuradon in Premature Infants In Kaufmann 
H J (ed) Progress in Pediatne Radiology (Chicago Year 
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Meconium aspiration SYNuROtrtE -The hypoxic 
fetus may defecate meconium ut uteio or dunng de- 
livery and aspirate considerable amounts of it The 
thick tenacious meconium acts as a mechanical block 
to the airway producing radiographic changes quite 
different from those of the respiratory distress syn 
drome The roentgen manifescations of severe me- 


conium aspiration syndrome consist of large irreg 
ularly dismbuted densities usually centrally placed 
and extending toward the periphery in an uneven 
fashion and considerable penpheral and overall over 
aeraoon (Fig 10-61) The findings vary fYom nuld to 
severe Patients with the most severe changes are 
likely to have had assisted ventilation prior to ade 
quate suctioning Treatment of the aspiration syn- 
drome initially therefore is prevenuve with ade 
quate suctioning to remove the meconium pnor to the 
msntuuon of ventilation Once the mecoruum has 
reached the small airways treatment is supportive 
with repeated suctioning oxygen administration may 
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Fig 10 83 -Phclom crograph o< the cut aurfaee ol lung of a 
cat n which interstitial emphysema had been induced by intra 
tracheal air insufflation Interstitial air surrounds tne branches of 
the pulmonary artery (a) and a vc n (v) but not the bronchys (b) 
eaeept Where it shares a sheath w th the vessels (From MacKi n 
andMaeklin] N 



J 


Fig to 84 -Local ted interst t al emphysema secondary to 
meconium aspirat on Frontal project on ahows coalescence of 
many small bubbles into several large ones in the right lower lobe 
These are eas ly m staken for congenital cysts if tne sequence la 
not apprec afed The intarstitisl air was rap dly resorbed and the 
infant thrived 


Fig 10 8S -A rblock syndrome In A fronial nro'^^on (ho 
pneumomtd ast num elevates the thymus and sh is tne left me* 
d astinal pleura laterally In newborns with this syndrome the air 
tends to collect and remain In this area whereas in nider chil 
dren and adults )t rap dly dissects in the neck B lateral proieo* 


t on shows both ihs enter or collect on elevet ng the thymus and 
the infer or eitenson below the lung and the diaphregmatc 
pleura s mutating subpuimonary pneumothorax (Courtesy Of Dr 
H Morgan NswYo k.) 
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Fig toes Massvea bockwtn m avasatonol* durng 
aas sted vent let on n an nfant w th severe hya ne ■«mb ane 
dseaee Sudden lethal a rblock wtn ntravasat on of a r resulted n 
both pneumomed ast num (poss b y w in pneuinoper card urn also) 
and passage of a r nto the aorta and is brarfches The nfant dd 
not have necrot z ng ante ocol t a a though a r s p esent 
throughout the portal venous system A, f oncal artd B laiera 
project one (Courtesy of Dr C A G egory SanFancsco) 



be necessary Anabioacs are commonly given and 
occasionally steroids to prevent chemical pneumonia. 
Meconium aspiration has been the most common 
cause of the aublock syndrome in the Babies Hospital 
neonatal service 

Airblock —Any condition in which there is expira 
tory airway obstruction (as vnth meconium aspira 
non) or a stiff lung (as in respiratory distress syn 
drome pulmonary hypoplasia with renal agenesis 
diaphragmanc herma) may lead to the sequence of 
events termed airblock by the Macklins They be- 
heved that such airblock occurs when air emt is ob- 
structed A pressure differential develops duimg ex 
Fixation between overdistended blocked alveoli and 
the adjacent mtersntium alveolar rupture occurs 
info this interstifium Pulmonary mteistitial em 
physema develops as fine bubbles within the lung 
parenchyma (Fig 10-82) It may if not decompressed, 
block pulmonary venous return and cause death with 
pulmonary edema. The air may pass along pexivascu 
lar sheaths (Fig 10-83) to the mediastinum In other 
cases the small foci m the lung coalesce mto cysts 
that may be mistaken for congenital lung cysts (Fig 


10-84) Once the pulmonary interstmal emphysema 
leaks to the mediastinum pneumomediastinum de- 
velops Usually the air stays in the anterior medias 
imum if e^ensive it is anterior and well seen in later 
al films as a bubble of air elevating the thymus (Fig 
10-85) It may be difficult in frontal projections to 
distinguish pneumomediastinum from pneumopen 
cardmm (Fig 10-66) 

A left supenor mediastmal bulge (ductus bump) 
seen m frontal chest radiographs of some newborn 
infants on the 1st or 2nd day of life represents the 
ductus artenosus and mam pul nonary artery (Fig 
10-87) It is caused by the rtraight line tubular 
connection of these structures (I Igs 10-88 and 10-89) 
Pneumomediastmum by pressing the pulmonary 
artery downward further exaggerates the straight 
line connection the largest ductus bumps seen have 
been m panenf* with pneumomediastmum (Fig 10- 
90) It should nL,,.^be confused with a mediastinal 
tumor By the 3rd day it is gone It can only be seen in 
frontal projections banum swallow studies are nor 
mal(seeFig 10-87). 

Another spunous mass may be seen m lateral chest 





rig 10 97 — A, frontal project on on day 1 shows a ductus day 2 after a banum swallow shows no esophageal mass effect 

buiTip-a left superior mediastinal bulge adjacent to the aortic and the bulge is smaller A radiograph the foi ow ng day was 

knob Presumably It represents d lalation of the ductus arterosus normal 

and mam pulmonary artery The lateral view was normal B on 

Hg to SB (above) -A alrame ttom a crvB angiocardogram shows that the umbil cal eon o catheter has passed into the aor 
in left ventricular systole The umbilical venous catheter has pas be arch contrast medium delineates the arch and descend ng 
sed through the ductus venosus and right air um into me left aorta wiihui the mediast nal contour Left to right shunt ng now 

atrium Arrows Indicate that the arch ol the aorta w thin the opacif es the ductus bump made up of the ductus arter osus and 

mediast nal contours is not (he cause of the ductus bump The pulmonary artery In B, lateral projection of an umbilical aorto- 

latter does not fill as pulinonary and systemic circuits have simi gram the arrowa ind cate filling from the aorta through the hon 
lar systol c pressures B a frame In left ventr cuiar diastole The n>ntally aligned ductus arteriosus and ma n pulmonary artery to 

ductus bump (ills because the higher end diastol c aortc pres (he level of the pulmonic valves It is probably this tubular conflu 

sure causes left to right shunting to the ductus artenosus arid ence of the ductus and pulmonary artery seen in this lateral 

pulmonary artery (Courtesy of Or L S James) view mat appears as the ductus bump in frontal v ews (Cour 

Fig 10 99 (below) -A a frame from a cma angiocardiogram tesyotOr i S James} 


A B 
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Fig 10 90 -A large duetus bump nan nlantwthar n the 
med asl num lextend ng aubpleural y Into the tett d aphragm) a 
amall r ght pneumothorax and mecon um asp raoon These f nd 
ings d aappeared but the lungs rema ned abnormal w th rad at 
ing dens tea and the infant remaned cyanotc At autopsy on 
day 12 total anomalous pulmonary venous return below the d a 
phragm ente ng the portal ve n was found When an niant does 
not respond n the usual t me to the suspected cause of ra- 
sp ratory d stress other causes should be eons de ed 



ng 10 91 -A pseudoposieror med ast nal mass due to the 
scapula overlay ng the poster or chest commonly seen in lateral 
project ons of the chest of newborns Should th s mass be seen 
n lateral v ews of an nfant whosa frontaf f Im showed a ductus 
bump It cou d lead to the erroneous d agnos a of a posterior 
med ast nal tumor and even to tho acolomy 


Fig 10-92-In an nfant wth a b late al pneumothorax note 
the dense lung (due to engorgement atelectas s bleed ng hya 
■ ne membrane d sease or whatever comb nat on has led to a r 
block] The e s probably some pneumomed asi num as wel 
Subcutaneous a r s d st nctly uncommon n newborns w Ih a r 
block a though t does occur 


Fig 10 93 Sk nfold s mulai ng pneumothorax It s long and 
curv I near extend ng above and below the lung (arrows) lung 
med al to the fo d s of normal dens ty Th s can occur on one or 
both s des and has led nexper eneed ped atr c ans and surgeons 
to tap a nonex stent pneumothorax 
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films of newborns as a posterior density It is an lUu 
Bion made up of trachea and bronchi anteriorly and 
under surface of the scapula infenoily It is not visi 
ble after a banum swallow because there is no mass 
Rarely a ductus bump is noted in frontal films while 
this seeming posterior mass is observed in lateral 
films of an infant who then is subjected to unneces 
sary thoracotomy (Fig 1091) 

With sufflcient pressure the pneumomediastinum 
ruptures through the mediastinal parietal pleura 
leading to unilateral or bilateral pneumothorax (Fig 
10 92) Such pneumothorax in the neonate must be 
differentiated from the common observation of skin 
folds in infants of low birth weight m the neonatal 
chest radiograph (Fig 10 93) Collapsed lung is usu 
ally considerably denser than aerated lung due both 
to compression and to the presence of foreign maten 
al in the airway In questionable cases oblique and 
decubitus projections are helpful 
In the newborn mediastinal air tends to remain in 
the anterior mediastinum or to go on to pneumotho- 
rax It does not commonly dissect into the cervical 
subcutaneous tissues or into the abdomen Atiempis 
at jugular puncture for blood samples have resulted 
in accidental nickmg of the trachea, followed by 
pneumomediastmum and extensive subcutaneous 
emphysema (Fig 10 94) Air in the mediastinum may 
dissect down between the panefal pleura and the dia 
phragm and collect extrapleurally causing a picture 
easily confused with subpulmonary pneumothorax 
(Fig 10-95) In such instances decubitus films help to 


differentiate infrapulmonary pneumothorax from 
extrapleural mediasonal air The pressure of the 
pneumothorax may because of inabdity of the lungs 
to expand and deflate severely limit gas exchange 
(see Fig 10 76) 

Fortunately the airblock syndrome is usually sec 
ondary to meconium aspiration and is self limited 
The usual treatment is supportive While this condi 
lion 1 $ much more common m full term postmature 
infants than m premature infants the possible danger 
to the eyes if 100% oxygen is given must be borne In 
mmd 

REFERENCES 

Averr M E et al Lung end Its Disorders in the Newborn 
Infant (2nd ed PJUUdelphia W B Saunders Company 
1968) 

Berdon W £ et al The ductus bump Am. J Roentgenol 
9S 91 19CS 

Cberoick V et al Spontaneous alveolar rupture at birth, 
Pediatncs32 BI6 1963 

e( al Pneumothorax and chylothorax in the neonatal 

penod J Fediat 76 624 1970 

Fletcher BO et e( Pulmonary intersUbal emphysema in 
the newborn J Canad-A Radiologista 21 273 1970 
UUaid R. L. e( a( Extrapleural air signs in pneumomedias- 
tinum RadiologySS 1093 1965 
Macklin M T and Mackhn C C Malignant Intersddal 
emphysema of the lung and mediastinum as an important 
occult complication in many respiratory diseases and 
other conditions Medlcine23 281 1944 
Matthieu J et al Pneumopericardium in the newborn Pe- 
diatiics46 117 1970 

Rudhe U et al Pneumomediastinum and pneumothorax In 
thenewbom Actaradiol (diag)4 193 1966 



Chest— Newborn Respiratory Distress / 1457 




10 $$ A aulopsy spec man shows extens on of 
pneumomed ast num ntolhasubpeu aldaphragm Nolegas bubb as n 
thsste nan n am dy ng of renal aganas s who also had b lateral 
pulmonary hypop as a ntarst t ai pulmonary emphysema and b lateral 
pneumotho ax B subpleural emphysema (arrows) n the left d aphragm 
ol a pal ent w in m d mecon um asp rat on Th s cou d be sh (ted back to 
the med ast num by repos t on ng of the pat ent (left deeub tus) 
pneumolho ax was absam on a ) v aws C large left d aphragmat e 
emphysematous area (arrows) n an infant who had severe hyal ne 
membrane d sease There s a moderate left pneumotho ax and 
med ast nal emphysema as well The nfant had been race v ng pos t ve 
pressure ass sled vent tat on 


CabdiovascuijUi lesions simulating pulmonary 
DISEASE —Congenital cardiac malfomiations are not 
dealt vnth here but mention must be made of some 
that closely resemble lung disease The clinical pic 
ture includmg respiratory distress and its response to 
treatment may strikingly simulate lung disease To- 
tal anomalous i enous return usually belosv (he dia 
phragm to the portal vem is one example The diag 
nosls may be suspected in an infant with reticular 
patterns of interstitial edema or radiating vascular 
engorgement and a normal sire heart m plain films 
but is proved only by angiocardiography which shows 


both failure of normal filling of the left atnum and 
the anomalous trunk gomg to its junction with the 
systemic venous return (Fig 10 96) Lymphatic mal 
formations of the lung may be primary (termed pul 
monaiy lymphangiectasis) (Fig 10-97) or associated 
with pulmonary venous anomabes such as total 
anomalous venous return below the diaphragm (see 
Fig 10-96) or atresia of the distal common pulmonary 
vein or may be part of a more generalized lymphatic 
abnormabty possibly involving viscera and bones and 
associated with a protein losing enteropathy 
Infants bom with any of these malformations may 
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FI9 10 96 -Two Infants wlh the sam« lelhal entty (toul gorged Mematous lymphat cs B shows more rad al ng vascu ar 
anomalous venous return below the d aphragm to the portal et>go gemeni due to oiKt uct on of the anoma ous channel by a 

ve n) have totally d ffer ng pla n f Im patterns A shows a d ffuse comb nat on of is small d ameter ts length poss b a na rowed 

ret cular pattern probably due to the secondary problem ol en d aphragmat c passage and h gh portal venous pressures 


have stiff lungs and respiraeory distress that simu normal size cardiac causes are considered late Sur 

lates lung disease The primary diagnosis may not be vival is rare 

made and resuscitative efforts can produce airbloclc The large cardiothymic image (a thicket of words 
Generally the diagnosis of obstructed venous return is shielding the radiologist from being precise as to 

not considered until days have gone by during which which is heart and which is thymus) has generally 

time the usual patient with meconium aspiration proved to be a large heart in most of the ill newborns 

would have recovered Since the heart may be of in whom this Image has been seen. In the 1st days of 
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life such enlargement may be due to extrac irtiac 
shunts such as hepatic hemangioma and umb 1 cal 
or cerebral arteriovenous malformations In the in 
fant with a hypoplastic left heart syndrome such as 
that seen with mitral or aortic atresia the radiograph 
ic picture may range from normal to that of gross 
cardiomegaly and engorged lungs Determining fac 
tors are the size of the left to-nght shunt at the fora 
men ovale and the size and patency of the vita) right 
to-left shunt at the ductus arteriosus 
These cardiac problems are dealt with in detail 
elsewhere m this book Hepatic hemangioma with 
heart failure alluded to earlier m this section (see Fig 
10-3) is diagnosed by total body opacification during 
mtravenous pyelography with confirmation by umbi) 
ical aortography and venography 
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Chylous pleural effusion -Effusion of pleural 
Quid in the neonate is rare Thoracentesis should be 
performed to see if chylous effusion is present Patho- 
genesis IS obscure actual orgamc obstruction to the 
thoracic ducts is not usually found Climcally tacby 
cardia retractions and cyanosis develop (similar to 
respiratory distress syndrome) The chest radiograph 
shows pleural effusion which is usually unilateral 
and more common on the right (Fig 10-98) Chylous 
fluid IS clear before the infant is given milk feedings 
because there is insufficient ingesbon of long chain 
tnglycendes to result m milky chyle As part of the 
treatment a diet of medium cham tnglycendes can be 
used since it depends on portal venous absorption and 
spares the lymphatic system until the leak seals 
Since sepsis and pneumoma can lead to neonatal 
pyothorax the tappmg of neonatal effusions for gram 
Siam fat analysis and culture is important because 
the treatment depends on the proper diagnosis 
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Fj 10 9B CtiyJous efius on n the newborn Thsmaybeon 
the left (as Shown) onlherghtor rarely b lateral TheintalCet 
of newborns may be too poor n long cha n tr g ycer des to ceuse 
the flu d to become obv ously chylous Repeated tapp ng usually 
S the only therapy needed unt I the presumed leak from the tho- 
racc duet seals oil Med cal management can neludeamedum 
cha Ptrglyce de d etthst spares the lymphatc transport system 
(Courtesy of Or H S Goldman NewYo k) 


Yancy W S ttol Spontaneous neonatal pleural effus on J 
Pediat SuTg 2 313 1967 

Pkeumonu —Pneumoma is a cbmcally significant 
neonatal problem that is vinually impossible to dis 
tingiush radiographically from many nomnfectious 
processes Prolonged rupture of the membranes pro- 
longed labor and excessive obstetric handling ore all 
related to neonatal infection Transplacental passage 
of organisms can occur or the amnion itself can be 
infected Neonatal pneumoma has been reported as 
being due to bacterial spirochetal fungal and viral 
agents 

Immune defects 'interference with body defense 
mechanism and isolated areas of immune deficien 
cy all reported in children are generally not neonatal 
problems 
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Surgical Cond tions of the Newborn Chest 

As noted earlier tachypnea, cyanosis retractions 
and acid base balance disturbance are the hallmarks 
in the newborn of medical respiratory distress syn 
drome Similar signs and symptoms may occur from 
aspiration of meconium with airway obstruction or as 
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TABLE 10-1 -DiFTERENTUl. Diagnosis OF RtSPlRATTOY 
Distress in the Newborn* 

Analysis of Chest Film m Terms of Mediasnnal Shift 

1 Shift away from abnormal side 

A Cyst c lung (adenomatoid malformation) 

B Lobar emphysema 
C Bronchial atresia 
D Diaphragmatic hernia, eventration 
E Effusion (empyema, chylolhorax) 

F Origin of left pulmonary artery from Tight 
pulmonary artery ( pulmonary sUng ) 

C Duplication (neuroentenc) cyst 

2 Shift toward abnormal side 
A Agenesis of the lung 

B Massive atelectasis 

3 No significant shift 

A Meconium aspiration 
B Pulmonary hemorrhage 
C Hyahne membrane disease 
D Mikity Wilson syndrome 
E Transient tachypnea of Avery 
F Pneumoma 

G Upper airway obstruction (choanal atres a) 
il Abnormal thoracic cage (osteogenes s imperfecta 
asphyxiating dystrophy etc) 

4 Variable patterns of shlfUno shift 
A Vascular lings 

B Mediastinal tumors (bronchogenic cysts) 

C Pneumatoceles 


’Modified from Cap tamo and Kirkpatrick 


a secondary manifestation of intracranial hemor 
rhage with fetal anona. The radiologist has a cruaal 
role in establishing the diagnosis of conditions that 
can be treated sur^ictzHv since they may cause Identi 
cal climcal signs and symptoms in the newborn pen 
od A useful approach for considering these condi 
tlons appears in Capitanio and Kirkpatnck s review 
(Table 10 1) 

The following discussion is centered on respiratory 
distress due to mechamcal compression of the lung 
(as in lohal emphysema, diaphragmatic hernia duph 
cation cyst) or of the trachea and bronchi (as wjih 
mediastinal vascular rings) Oscar Wilde said Expe- 
nence is the name we give our mistakes and we can 
add nothing to his comment 

Diaphragmatic heiusia and eventration —Both 
true defects in the diaphragm (hernia) and the paper 
thin intact diaphragm (called eventration or hernia 
with intact sac) axe Important surgical conditions 
which cause respiratory distress in the newborn The 
wide range of signs and symptoms reflects the degree 
of coexistent pulmonary hypoplasia There is the in 
fant who is sQUbom the one who makes a few feeble 
gasps and dies (Fig 10-99) and the infant who on the 
3rd or 4 th day of life is found to have bowel sounds in 
the chest or is suspected of having dextrocardia (Fig 
10 - 100 ) since most hernias are left sided and shift the 


niediastmum to the right The defects are often large 
and usually posterolateral or involve the entire hemi 
diaphragm Although termed Bochdalek defects they 
actually represent persistent pleuropentoneal canals 
As the left side is four to five times more commonly 
involved than the nght the midgut as well as the 
stomach spleen left lobe of the liver and ladney may 
be in the chest 

The mortality rate for the child whose diagnosis Is 
made at 3-4 days of age is very low compared to the 
nearly 100% mortality m the infant whose defect is 
detected at 30 nunutes of age This reflects the pnme 
role in the prognosis of the coexistent pulmonary 
hypoplasia (Fig 10 101 and see Fig 10 99) not only 
on the side of the hernia but in the opposite normal 
lung Apparently sbght differences m the dming in 
utero when the herniation occurs result m either ai 
rest of pulmonary bronchial growth at a stage that 
will not allow viabiLty or reasonable lung develop- 
ment with good prospect for survival The group be- 
tween these extremes may survive with proper opera 
tive and especially postoperative care 

The very sick infants are commonly referred with 
the clinical diagnosis of respiratory distress syndrome 
(Fig 10-102) The very depressed infant may not have 
swallowed air and the herniated nudgut appears as a 
water densiiy mass wnhm the chest (see Fig 10 99 A). 
Mediastinal shift is marked In a patient with such 
a mass density diaphragmatic henua is one diagnos- 
uc possibiLty (see Fig 10-99 A and C) air in small 
amounts makes an excellent contrast material and is 
to be favored over banum in this instance Severe 
eventration is radiographically and clinically indistin 
guishabie from a true henua (see Fig 10-101) 

Some infants with Erb s palsy may also have transi 
Cory or permanent paralysis of the diaphragm A radi 
ograph of such a patient obtained dunng deep in 
spiration will show paradoxical elevation of the af 
fecied side and can be confused with eventration (Fig 
10 103) 

The hypoplastic lung always worse on the side of 
the hernia but a bilateral phenomenon may take con 
siderable time to fully expand These immature lungs 
rupture very easily and therefore both pneumome 
diastinum and pneumothorax may develop on either 
side in the postoperative penod (Fig 10-104) espe- 
cially if forceful attempts are made to expand the 
lungs either by the operating surgeon or by assisted 
breathing technics Since the involved bronchial 
tree is abnormal in number as well as in structure 
the hypoplastic lung may eventually ovennflate and 
become emphysematous (Fig 10 105) 

The diagnosis of diaphragmatic henua thus may be 
extremely easy with a gasless scaphoid abdomen 
and obvious bowel loops in the left chest or extremely 
difRcult In an Infant beheved clinically lo have severe 
lespiratory distress syndrome Unfortunately it must 
be accepted that the earber the diagnosis Is made the 
worse the prognosis Hopefully some patients with 
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F(9 10 99 Puimonaiy hypoplas s w th left 
d apnregmat c ^e n a fatal n two nfants nthelai 
hou of fe In A t^e a r ess mass lepresents 
he n aled m dgu) on the left n an nfant too a ek to 
swa low a The heart and meO est num are sh fted 
loiherghi Note the gasless abdomen In Bine 
heart shaped gas collect on (note absence of 
abdom nai gas) s the d stended and obstructed 
stomach n the left s de of the chest the hypoplas a 
$ b aiera (B courtesy of Or A Shaw New York) C 
fo comparson and to be thought of n d ffe ent at 
d agnos s s the la ge gasless mass on the r gm 
wh ch s a neuroenter e cyst There are upper do sal 
segmental on enoma es (as part of the spit 
notochord theory of or g n ol Such cysts) and 
no malgaspatte n n the abdomen 



Fig 10 100 -Typ cal rad og aph e appearance ot d aphrag esp aiorydat eaa Gas 1 ed sma 1 bowel f Ms the left s de of the 

mat c hern a A I ontal and 6 lateral p o act on$ Heart sounds chest The abdomen a moderate y acapho d n the lateral v ew 

we e heard on the r ght (due to left a ded hern a) rt i a y sug although the abdom nal loeat on of non nvolved r ght hepa e 

gest ng deat oca d a and the chest t m was o de ed because of lobep ever^ted tact n cal detect on 


Fig 19T0I A left arded event at on (w tn pape Ihn rtiaci weyes symptomatc daph agmace ne na B bronehogrim of 
d aph agm above the d aplaced m dgut) nan n ant who ded the exc sed lungs showa the t nyd atoned left lung broneh The 
folowng repar of save eblatara pulmonary hypopias a Symp tgfx b otvch look normal a though the rght lung was a so ama I 
tomat c event at on n the newbo n show d be t ested the same 
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^9 lO-tOa. fliphugmatc e«vaton w 

Brb B pals/ w th phren e nervs invoivemsnt F owa p 0 «ci on 
4unng insp rat ort shows Oeep descent of the norma e onj 
and paradox cal r se of the paralysed r ght d aphragm The n 2 
rKOvered totally n a few months 


r 9 10 104 ft Qhi pneumothorax deve oped n an Infant 
hoe enoaph agmat e hern a had been rape ad (note chest 
be an he efit Th s esu ted from attempts to expand fo 6 bly 
$ a eft lung Th $ I im shows the st ffness of the ghl lung 
an oemonsi ates that both lungs a e hypoplast c 
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hypoplastic lungs with early diagnosis can survive 
Their inclusion because of earlier diagnosis and at 
tempted repair Increases the mortality rate in recent 
surgical senes 
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Mediastinal shift secondary to emphysema 
TOUS LOBES -This Condition is called congenital lo- 
bar emphysema. The incomplete cartilage rings of 
the trachea and major bronchi of the mfant readily col 
lapse on expiration with a normal mild tendency to 
air trapping In some babies this is extreme and mas- 
sive emphysema develops with collapse of adjacent 
lobes and mediastinal shift Resultant tachypnea, re 
tracaons and cyanosis mimic respiratory distress 
syndrome This condmon is commonly confined to a 
lobe Upper lobes and the right middle lobe arc those 
u.ually mvolved (Fig, 10-106 and 1(^107 B) Oc 
c.aonally all lobe, aie involved “ “ 
and surgery cannoi be onderialen (Fig 10-108) The 


condition develops with varying rapidity in difi'erenc 
patients If seen in the first hours or day of life 
streaky densities (possibly dJated lymphatics) or even 
fluid may fill the distended lobe (Fig 10-107 A) 

Bronchography fails to demonstrate bronchial ol> 
structlon or stenosis (see Fig 10-106) even though 
dynamic studies show apparent marked expiratory 

Fig 10 1M -Congen tal lobar amphysama of the left uppar 
lobe seen n part of a bronebogram Note that lha broneh I If 
Cause ol obsi vet on a not found n most eases tnougb some 
pat enis seem to nave even less cart lag nous r ngs n tne n 
volved brooch than the norma y ncomp ete cart lage gene a y 
found Th s may act as an obstruct on dur ng exp rat on 
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Fig 10-107 — Congen tal iabar emphysema of the rghi upper 
and m ddle lobes A demonstrates a largely tiu d f lied dens ty ori 
day 1 Note the med ast nal ah tt to the left B ang oca d ogram 
done a week later to exclude an anomalous left pu monary artery 
ar s ng from the r ght pulmonary artery as poss b e cause ol the 
emphysema The tiu d has been resorbed or perhaps expe ed 

collapse (Fig 10-108) Some pathologists believe that position The ultimate result in such a case may be a 

defects in cartilage especially at the level of saddle normal lung or a relatively avascular lobe with poor 

bronchi predispose to lobar emphysema If the em perfusion detected on lung scanning Angiocardi 
physematous lobe continues to grow surgical remov ography in lobar emphysema shows redirection of 

al may be necessary In some pauents the same proc flow to other lobes and stretching of vessels within 

ess then develops in other lobes In soil others the the I<^s (sec Fig 10 107 B) It serves mainly to ex 

process seems to arrest itself distenuon gradually elude compressive vascular anomalies Barium swal 

disappears and the tnediastinum returns to normal low also aids m this differenuation and also demon 

Fig 10 10a -Panlobar emphysema Mult pastes of a trap show crowd r>g and small vo ume Surgery was not undertaken 

p ng a e seen dur ng exp rat on w th resultant emphysema The and the pat eni was re at ve y symptom f ee several years later 

arrows nd cate coliapsng sadde broneh du ng exp at on Pars stance of the abnorma t es was demonstrated n chest rad 

There was Involvement of the r ght m dd e lobe left ma n stem ographs bronenog apn c stud es and lung scans 

and I ngular broneh The left lower and r ght lowe lobe brooch 


r 


through the broneh al tree As n any emphysematous lobe the 
vessels are d splaced away f om the segment part of the r ght 
tung has he n ated across the anter or med ast num and ts pul 
monary vessels a so cross the m d ne (Courtesy of Dr J A K rk 
pal ck Ph adepha) 
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strates mediastinal masses such as bronchogenic 
cysts that can interpose themselves between esopha 
gus and trachea and cause tracheal or bronchial ob- 
struction 
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Bronchial atresia —Bronchial atresia is a rare 
cause of emphysema affecting part or all of a lobe 
that may be encountered in the newborn period a) 
though most cases have been seen in adults The left 
upper lobe is most commonly affected although other 
lobes may be Involved (Fig 10 109 A) The lobe is 
hyperlucent and presumably derives its air from col 
lateral ventilatory channels At birth it may be dis 
tended by retained fetal lung fluid rather than air 
A nodule representing mucus in a dilated bronchus 
(Fig 10 109 B) js often noted near the site of normal 
bronchial ongin and the Intralobar bronchi are pres 
ent the atresia affects the connection of the lobe or 
major subsegments to the mam stem bronchi Bion 
chography may show this but it is difficult to dis 
tinguish bronchial atresia from lobar emphysema and 


wen congenital cystic adenomatoid malformatjon 
In aU three fluid may fill the mvolved lobes or streaky 
septuim can be seen The differentia] diagnosis is 
not cntical since treatment is similar the ill patient 
should have surgical exploration and the thnvmg 
infant can be watched 
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Congenital cystic adenomatoid malforma 
TtON —Part of or all of a lung may be involved with a 
hamaitomatous malformation termed congenital cyst 
ic adenomatoid malformation The cysts may be gas- 
filled or fluid filled or contain elements of both They 
may be small or large single or multiple (Figs 10-110 
and 10 111) Rarely they are associated with renal 
cysts Cystic adenomatoid malformation probably 
accounts for most congenital cystic disease of the 
lung The diagnosis is based on pathologic detection 
of distorted areas of glandbke structures and of bron- 
chial structures lacking cartilage The air when pres- 
ent enters through collateral pathways bronehogra 
phy usually fails to demonstrate any commumeation 
with a normal tracheobronchial tree and there is no 
histologic evidence of a normal bronchus The cysts 
are easily mistaken for bowel loops and the diagnosis 
of diaphragmatic herma has frequently been made 


Fig 10 109 -Bfoneh al atresa nvoivngtneleilopoe lobe A 
at 1 day of age shows ma n(y a wale dens ty mass tepteseni ng 
the enlarged left upper lobe B al a later date a r has rep aced 


the I u d The codu e s a muco d impact on )n the enlarged 
bronchus w m an at at e a ea between ih s and tha ma n stem 
bronchus (Courtesy of Or John Dorst Salt me e ) 
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Fig 10 110 -Congen tal cysl C adenomato d ma formal on A frontal 
project on shows Involvement ot the r ghi lung a though the apex 
seems to be spared However thoracotomy revealed that the ent e ung 
was affected Note s m lar ty to the p cture ol a rblock w th ntersi t a 
blebs in F gore 10-B4 and a so to post nfect ous pneumatoce es It has 
been confused w th d aphragmat c hern a because of s m la ty to small 
bowel loops B surg cal spec men shows both sol d and cyst c 
elements Such cyst c adenomato d maiformat ons account lo most 
eases ot mult pie congen tal lung cysts Coax stance of renal cyst c 
d sease s extremely rare 



In such cases if the attempted repair was performed 
transthoractcally no great harm would be done If 
however a ttansabdominal approach is used to cor 
reel ±e herma serious problems may follow 
Smce the cystic masses occasionally have anoma 
lous artenal blood supply from the aorta either above 
or below the diaphragm exact differentiauon of this 
group of anomalies from the group of pulmonary se 
guestiation is not always possible Perhaps these enti 


ties are actually part of a spectrum ranging from 
broncbogemc cysts through cystic adenomatoid mal 
formation to sequestration and represent similar 
embryologic abnormalities which occurred at slightly 
different times in utero 

Acquued cystic disease (see below) m the form of 
postinflammatory pneumatoceles may be difficult to 
separate radiographically from the foregoing anom 
abes although pneumatoceles are uncommon in the 


Fg 10 111 -Cyst c adenomato dma format on A Irontaipro- 
ject on w th the pat ent sup ne was or g nally m s oferpr^ed as 
demonstral ng lobar emphysema of the left upper lobe In B w in 
the pal ent erect a s ngle large a r flu d level is appa ent w W 
small cysts n the area The left upper lobe was removed The 



left lowe lobe then developed the same p cture and a of the 
left lung was removed d agnos s was congen tal cyst c aden 
omato d maiformat on Th s is usua ly a un lateral d sease ai 
though ra ely b lateral nvolvement s seen 



1468 / SECTION 10 The Neonate and Young Infant 


1st week of life tend to enlarge very rapidly and are 
frequently accompanied by pleural effusion or pleural 
thickening Large air cysts as part of interstitial pul 
monary emphysema seen in aublock can also cause 
confusion (see Fig 10 84) 
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Duplication cysts (Neuroenteric cysts with 
os WITHOUT meningocele) —Large somedmes mul 
bple postenor mediastinal masses may be seen in the 
newborn infant Respiratory distress when present, is 
due to pressure on the bronchial tree causing either 
collapse or air trappmg The diagnosis of duplication 
of the neuroentenc variety is suggested when a poste- 
normass is present usually in associadon with verte- 
bral anomahes including henuvertebrae malseg 
mentation and block vertebrae (Fig 10-112 A and 
see Fig 10-99 C) Air myelography occasionally re- 
veals a direct connecdon with the subarachnoid 
space and hence a thoracic meningocele (Fig 10-112, 
fi) but m most cases the connecdon is a fibrous cord 
that does not have a lumen Intra abdominal dupbca 


Rfl 10 112 -Neuroents cdyst A 
del neates a la ge eemmun eti ng cyst on the 
r ohl w \h w k ng f a and verteBrai 
seamenlat on anomal es 8 » r mye og^n! 
shows an a f flu d feve oomonMi } ng that n 
add t on to the gast o meat n«l end cent al 
nervous system components the e s an 
ante o ate al iho ac c men ngoceie Th s s 
important to know preope 
surgeon to poss b e need of neu 9 
help (Courtesy of Or W McA sfer St Lou s ) 
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tions may coexist they may be noted later nith (he 
onset of gastraintestinal bleeding as the acid ptoduc 
ing cysts discharge their contents into the intestine 
or as an increasing mass if the cyst is not in commu 
nicahon with the intestine Banum swallow is helpful 
in showing the postenor nature of the masses Rarely 
IS there communication with the esophagus 
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PosTTNFECTious PNEUSiATOCElE — Staphylococcal 
pneumonia was a great killer of infants at one time 
with the development of empyema and sepsis Rapid 
enlargement of air spaces to giant size (pneuma 
toceles) probably reflected a check valve internal 
rupture of air into the lung interstiOum Jn many 
cases complete clearing developed with prolonged 
chemotherapy others required drainage because 
of increasmg size and respiratory embarrassment 
Pneumatoceles are seen occasionally m the 1 st week 
of life (Fig 10-113) The process is more common 
later m infancy when pneumomc mfiltrations are 
followed by rapidly developmg and enlarging pneu 
maioceles which on occasion may be bilateral 
A long argument has existed as to whether such 
pneumatoceles are infected congemtal lung cysts or 
are acquired after pneumonia There are enough 
cases in which early radiographs show an evolving 
pneumoma with subsequent formation of pneumato- 


celes to point strongly to acquired disease As Caffey 
noted m long term studies the natural life history of 
such lung cysts is regression with surgery rarely 
being needed Often the cysts enlarge to enormous 
proporuons at a ume when the infant has become 
asymptomatic and is thnving 
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UNILATZKAL PULMONAJtY APLASIA OR StARKED HYPO> 

PLASu Any diagnosis of emphysema of a lung 
(from cysts lobar emphysema or mediastmal bran 
chogemc cyst with airway obstrucQon) must be made 
after it has been proved that the smaller collapsed 
contralateral lung is actually present To put it in re 
verse ihe large emphysematous lung may be the 
only lung Although published reports of such pul 
monary aplasia or marked hypoplasia mention the 
presence of vertebral anomalies as a helpful sign 
these are not invariably present (Fig 10-114 A) Lung 
scanning would provide interesting information since 
It nugbt show excellent uptake in the large Jobe 
whereas an airtrappmg or cystic lobe would not be per 
fused Bronchography in pulmonary hypoplasia dis 
closes either absence or marked hypoplasia of the 
bronchial tree on the involved side (Fig 10-114 B) In 
patients with primary agenesis of the lung which is 
more common on the left than on the nght the mam 
stem bronchus seems to be directly m line ivith the 
trachea on bronchoscopy Survival is related to the se- 
venty of other existing anomabes such as compll 
cated congenital heart disease In \ ascular anomahes 
such as congemtal absence of a pulmonary artery with 
a systemic blood supply to thelungorthescimitarsjn 
drome of anomalous venous return from the small 
right lung to the inferior vena cava, the degree of 
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Fig 10 114 -A marked left pulmonary 
hypoplas a Is seen to be the cause of the sma 
opaque left hem thorax and la ge lucent r ght 
fung The e were no vertebra anomal es o 
heart d sease B bronchogram shows a 
normal r ght lung wth the r ght ma n stem 
bronchus as large as and a d rect extens on 
of the trachea There s a f II ng of a 
hypopiast c left lung bronchus The r ght lung 
has he n ated across the ante or med ast num 
account ng for apparent aerated lung to the 
left of the rn dl ne 



1 

I 

t 



pulmonary hypoplasia IS slight and would net nannal 
ly be confused with aplasia of a lung In some cases 
however definitive diagnosis requires angiocardi 
ography and bronchography 
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Vascular rings and tracheal compression - 
The soft trachea of the infant may be dangerously 
compressed by vascular anomaics and this must be 
thought of in any mfant with respiratory distress with 
or without stridor A clue is that the mfant Is iDore 


comTortable and the signs abate when the patient Is 
prone with head hyperextended Congenital laryn 
geal stndor should be a diagnosis of exclusion after 
plain film and banum swallow studies have shown a 
normal trachea and lack of aberrant vessels (Fig 10- 
IIS) The infant trachea normally buckles to a right 
angle merely from fleiaon or rotation of the head 
Sharp local narrowing or curvilinear indentation is 
more ominous and demands a search for adjacent 
sources of encirclement or compression Finally the 
trachea indents the thymus the thymus does not 
impmge on the trachea. Sad to say some infants still 
receiie radiotherapT for stridor due to thymic pres- 
sure on the airway 

The two commonest vascular rings— double aortic 
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Fig 10 115 —Normal lateral view of a barium filled esophagus 
showing a trachea of normal cal ber 


arch (Fig 10-116 A) and nght aortic arch with a left 
ductus artenosus (Fig 10 116 6)-charac(enstical]y 
cause tracheal deviation to the left with a sharp local 
Ized indentation They also displace the right me 
diastinai pleura since the aorta usually descends on 
the right m these patients Unfortunately these two 
signs are very difficult to appreciate in most radi 
ographs of the infant chest and, although useful will 
not be stressed in the diagnosis of a vascular nng 
(Fig 10-116, C) The use of high kilovoltage technic 
or the development of short exposure tomography 
could improve visualizauon of these two Endmgs 
However, it is the encroachment by the ring on the 
esophagus and trachea seen in lateral projection af 
ter barium, that is the basis for the diagnosis 
In the evaluation of vascular nngs it should be real 
ized that each hfe endangenng anomaly can also be 
seen in an asymptomatic adult The signs in early hfe 
may relate to coexistent defects in tracheal growth 
(including stenosis) and to supenmposed infections m 
older infants, the edema further narrowing the lu 
men Stndor, atelectasis and, most seriously, apoeic 
episodes are the respiratory signs of vascular anom 
ahes in infants The adult may have dysphagia from 
the esophageal component but the infant s signs re- 
flect the tracheal embarrassment 
Angiocardiography has not been routinely used in 
the study of vascular rings at Babies Hospital the 
cardiologic and surgical point of view has been to 
explore the mfants with signs compatible with a vas 
cular nng and roentgen evidence of an abenant bra 
chiocephalic vessel This has led occasionally to fruit 
less surgery because the symptoms and signs were 
unrelated to the radiographic findings The possible 


combmations of aberrant vessels and persistent bga 
mentous ductus artenosus are almost endless Four 
m^or patterns have emerged that have proved help- 
ful m the vast majonty of cases No simple scheme 
can be 100% accurate, and advocates of angiocardi 
ography have a valid pomt in saying that the more 
information gained before surgery, the more accurate 
the sulcal approach and treatment 

Posterior esophageal anterior tracheal indenta 
tton (secondary to double aortic arch or right aortic 
arch vntk left ligamentous ductus artenosus) — 
With either of these anomalies the trachea is caught 
in a nng created by both antenor and postenor encir 
ctmg vessels The postenor esophageal indentation is 
large and due to either part of the aortic arch or a 
broad based ongin of the left subclavian artery (Fig 
10-116 A and B) Antenorly, either the arch or the 
carotid artenes press on the trachea and stndor re- 
sults The ductus adds to the tension The patient 
with a double aortic arch (Fig 10-116, A) and the pa 
tient with a right aortic arch and anomalous left 
subclavian artery and a left ligamentous ductus 
artenosus (Fig 10 116. B) present the foregoing radi 
ographic pattern (Fig 10-117, A) The double aortic 
arch more commonly causes symptoms in early m 
fancy At the tune of left thoracotomy the ductus can 
be divided In one case or the smaller of the doubled 
arches m the other, to relieve the antenor compres 
Sion of the trachea The esophageal defect persists 
postoperatively (Fig 10-117, B) Occasionally the tra 
cheal narrowing and clinical picture may contmue or 
uicrease in seventy after surgery, necessitating tra 
cheoslomy This reflects mediastinal edema and 
bleeding and what may be an actual growth disturb- 
ance of the trachea, with stenosis or excessive col 
lapsibility present 

Unfortunately, any simple scheme has its defects 
For example although angiocardiography is neither 
needed nor helpful in diagnosing the usual vascular 
nng it is essentia] in the excepbonal case m which 
banum swallow dehneates a retroesophageal inden 
tation resembling a double arch This represents the 
very rare left ascending aorta with a transverse retro- 
esophageal arch and nght descending aorta. A nght 
sided ductus tightens and closes the nng (Fig 10-116) 
Angiocardiography is diagnostic and a right thora 
cotomy, not used to approach the usual vascular rmg 
IS needed to divide the ductus 

Anterior esophageal posterior tracheal indenta 
tion (secondary to anomalous left pulmonary ar 
tery) —An anomalous left pulmonary artery (pul 
monary sling) is another vascular cause of respiratory 
distress (Fig 10-119 A) The left pulmonary artery 
ansing from the nght pulmonary artery crosses 
through the mediastmum to the left lung, passmg 
over the nght main stem and nght middle lobe bron 
chi then coursing between the trachea and esopha 
gus Any of the components of the tracheobronchial 
tree with which the anomalous left pulmonary artery 
comes in contact may be impmged on nght sided 
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Fig 10 117 —Vascular rng A lateral vew of an infant wth eral months after surgery B repeat postoperal ve rad ograph 

str dor shows ev dance of a large aberrant ret oesophageal ves- shows the aberrant vessel w th al ght tracheal narrow ng (arrow) 

sel and anter or tracheal ndentat on (arrow) represent ng a va$ Thesympiomsf nailyd sappeared 
cular r ng due to a double aort c arch Str dor eont nued forsev 


emphysema is the most common result (Fig IO-U9 
6) One or more lobes may be affected Banum swal 
low may be diagnostic (Fig 10-119 C) This anomaly 
if suspected should be confirmed by angiocaidi 
ograpby ^Vhy the banum swallow is inconsistently 
diagnostic m this anomaly is not known Surgical di 
vision of the left pulmonary artery from its source re 
establishing commumcaaon antenor to the trachea 
IS the treatment of choice This rare though tmponant 
anomaly must be thought of m any infant with mas 
sive areas of ovennflation collapse or both in the 
first weeks of life Right thoracotomy without preop- 
erative angiocardiography has several times led to 
confusion and delayed correct diagnosis because the 
anomalous vessel was hidden from sight by the azy 
gos vein and supenor vena cava. A small mediastinal 
broncbogemc cyst at or near the canna may cause 
the same radiographic appearance as the pulmonary 
slmg with overmfiation or collapse of the lungs or 
elements of both. An anomalous right subclavian ar 
tery (see below) rarely if ever goes between the tra 
chea and the esophagus but rather passes behind the 
esophagus 

Antenor tracheal narrowing normal esophagus 
(secondary to compression by the innominate ar 
tery) —In the crowded supenor mediastinum of the 
infant the innommate artery (or a bitruncus forma 
non of the Innommate and left carotid artery) may 
press on the antenor tracheal wall and cause the 
signs and symptoms of vascular rmgs although there 


IS no aberrant retroesophageal vessel (Fig 10 120 A) 
A constont antenor tracheal curvilmear narrowing 
seen in lateral projection is the sign of this anomaly 
(Fig 10-120 B) Surgery may be required when apnea 
or recurrent atelectasis comphcates the clinical strl 
dor stndor alone has not been an indication for re- 
pair m OUT senes Intercuiient respiratory infection 
%vith edema of the trachea makes this relatively 
common anomaly symptomatic In patients whose 
nanowmg was inconstant surgery has not alleviated 
the symptoms Angiocaidiography does not prove this 
diagnosis since the appearance of the innominate 
artery does not differ from that of the normal infant 
Skilled bronchoscopic exammation m infants with 
stndor due to this anomaly has disclosed a pulsatmg 
bulge on the antenor tracheal wall 
Normal trachea oblique retroesophageal indenta 
lion (secondary to anomalous subclavian artery) — 
This is the most common anomaly of the aortic arch 
representing either the usual aberrant nght subclavl 
an artery with left aortic arch or the much rarer aber 
rant left subclavian artery with nght aortic arch Bar 
turn swallow delineates a small oblique retroesopha 
geal mdentation (Fig 10-121 A and B) It is rarely a 
cause of any respiratory signs or symptoms unless the 
trachea is also compressed antenorly by a common 
trunk of the carotids (bitruncus anomaly) (Fig 10-121 
C) In this case both an antenor tracheal narrowing 
and a postenor esophageal mdentation is visualized 
Surgery has not been helpful m patients with an aber 
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Fig lO'IIS —Vascular rng A, diagram of fare vascular ring 
due to a left sort c arch which extends retroesophageatty and i 
right descending aorta. The ring is completed by a right ductus 
arteriosus (OA) Ao aorta PA pulmonary artery fIC and LC 
right and left common carotid arteries A5andi5 nghtand 
left subclavian arteries (fromKI nkhamer ) B, frontal view after 
banum swallow m a patient w th such an anomaly plus large 
ventricular septa) defect, shows prominent indentation on the 
left side of the esophagus which Is then displaced to the left I 
PA the nghi descen^ng aorta C, lateral pro;ect on demonstrates 
large retroesophageal vessel erroneously thought to be an 
aberrant left subctavlan artery or part of a double aortic arch 
Angiocardiography provided the correct d agnosis The patient 
died after thoracotomy and division of Ihe right ductus 
arteriosus A s Ming died of the same complex of anomal es. 
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flfl 10 119 -Aberrant pulmonary A, agram of aber 
rant left pulmonary artery (AtPA) ar sing from the rrght pulmonary 
artery (flPA) and crossing between tP® esophagus (f) and tra 
chea (t) to the left lung (From Kl nkhtimer > B. frortlai v ew ol an 
infant 2 weeks of age w th severe b lateral air trapp r »9 ar>d ro- 
TOwVs4 cN«'’'n^'af'0’' o’ 

with med astmal shift to the left. Barium swallow revealed no 
abnormal ty B ght thoracotomy was performed with nght middle 
lobectomy the surgical specimen was interpreted as showirrg 


congenial lobar emphysema Signa and symptoms eontpued 
unabated C, at ege 6 months barium swallow reveals an aber 
rant pulmoriary artery passing between the esophagus and ’ra 
chea This had been missed at surgery because the azygos vein 
and superior vena cava cover the area when approached through 

the nijM chest AVsutrierythBVelt.buVtwiriaiyartAc^'was separated 

from the rrght pulmonary artery and reanastomosed to the rnaln 
pulmonary artery Recovery was uneventful and symptoms were 
aUeviaied 
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Ffg 10 121 -Aberrant right subelavan iftery A. lateral 
pro action alter bar um ol an tnfanl w tb str cot Cemonsirates a 
email ob «»ua retroeaophageal ictCtMaticn Cue to art aberrant 
right subclavian artery The trachea is normal Sir dor com nued 
after divie on of Ihe artery since no sign ol a rway obstruction 
had been demonstrated B d agram of tne usual aberrant right 


Subciav an artery (AAS) which causes no symptoms C,d agram 
o( abairam ught subdav an snery (AAS) wlh a common ItunK 
lor both carotids (AC and LC) in front ef tha traehaa Th s can 
cause the seme s gns and symptoms as innom nats artery com- 
pression of the trachea |B end C from Klinhhemer ) 
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rant subclavian artery, unless the trachea js ira 
pmged on 
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The Gastrointestinal Tract 


Problems involving the gastrointestinal tract of the 
newborn encompass a large part of pediatnc radiology 
and surgery Failure to appreciate the maternal and 
immediate neonatal history often leads to delay in 
diagnosis and consequently a high mortality among 
infants with correctable lesions In some cases of ob- 
struction the diagnosis is known before radiographic 
study which Is earned out to confirm the dtagnosu 
in others the radiologist is the first to appreciate the 
existence of an obstruction or finds a second level of 

Fig 10 122 -In A the fetus s surrounded by op«c fed am 
n on as part of the ntrauter ne translus on procedure in B 2A 
hours later there a excellent del neat on by the water srriuble 
med urn demonst at ng the water abso pi ve role of the leiunum 


obstruction distal to the clinically presenting lesion 
Tbc following discussion is therefore directed to early 
radiographic detecDon based on suggestive elements 
in the history and physical examination 

The Fetal Gastrointestinal Tract 
The fetal gastromtestmal tract functions efficiently 
through the second and third trimesters The fetus 
swallows great amounts of ammotic fluid and absorbs 

and leum (arrows) The rad ooraoh s reprodJcad as I v awing 
me erect fetus from ben nd (Courtesy of Dr R Flem ng Slam 
ford Conn) 



the fluid, part of which is recirculated as fetal unne 
(Fig 10-122) Any major disturbance of either swal- 
lowing or absorption of the fluid may be reflected m 
the maternal history Failure to swallow leads to hy 
dramnios and excessive weight gam of the mother 
Although more commonly related to disturbances 
outside the gastrointestmal tract, hydramnios may be 
caused by gastromtestinal obstruction such as eso- 
phageal atresia. Inabihty of the small bowel to absorb 
the fluid can occur with high obstruction such as 
duodenal atresia- Hydramnios is rare tvith low small 
bowel obstructions such as mecomum ileus 
At birth the mtesUnal tract contains mecomum, the 
fetal feces, which is a mixture of bile salts, swallowed 
amnion, gastnc and small bowel juice and desqua 
mated cells Fetal defecation is not normal (Fig 10- 
123} and usually is secondary to fetal distress An 
obstetric history of mecomum stained fluid should 
alert the pediatrician to meconium aspiration As far 
as the gastromtestmal tract and mecomum are con 
cemed, interest centers on the presence of meconium 
m the small bowel and colon distal to sites of atresia, 
proof that fetal swallowing occurred normally well 
after the embryologic events that were previously 
mvoked m the pathogenesis of such atresia 
Ekbryqlogic development -Any disturbance 
during separation of the pnmitive foregut into the 
upper gastromtestinal tract and tracheobronchial tree 
can lead to anomahes of sequestered gastrointestinal 
or respiratory tissue, or both, £n immediate relation to 
the esophagus These are variously called neuroenter 
ic cysts, duphcations, foregut duplications and se- 


Ry 10-123 -Lateral view of the rectum of a newborn infant 
demonstrates retention of swallowed water soluble agent from 
intraulenne transfusion Fetal defecation would have been asign 
of fetal distress 
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questration They are of true embryologic derivation 
and are found m the chest or abdomen or both 
The midgut leaves the fetal coeloimc cavity, rotates 
and returns to complete the process of rotation that 
culminates in a well based small bowel mesentery 
and fixed right colon Any delay or arrest m this proc- 
ess can cause omphalocele (exomphalos, the mid^t 
outside the coelomic cavity) or those anomahes clas- 
sified as maliotations, which are often obstructive 
The hmdgut, ongmally a primitive cloaca draining 
mecomum and fetal unne, separates into bladder and 
rectum Failure of this separation leads to anomalies 
of the anus and rectum of the “imperforate anns” 
group Finally, failure of the abdommal wall to fonn 
normally can lead to defects that may be high, al 
though away from the umbilicus (gastroschisis), or 
low in the abdomen with bladder exstrophy or com- 
bined bladder and gastromtestinal exstrophy (^x 
strophy of the cloaca) The embryologic events are 
discussed in greater detail elsewhere m these vqI 
umes and in our appended references 


Gastrointestinal Tract In the First Hours of Life 

At birth, swallowing continues, with air replaciiig 
and displacing fluid Mecomum is passed by most 
normal newborn infants witJim a day. rarely as loiig 
as two days Bacteria propagate rapidly, being fouiid 
in the small bowel and colon as soon as eight houxs 
after birth Swallowing can be disordered for days, 
raising questions of tracheoesophageal fistula. It is 
noteworthy that infants with funcbonal swallowuig 
abnormahues have no history cf hydrammos, whi%h 
leads to speculation on transitory central nervous $>$. 
tern disturbances perhaps induced by hypoxia before 
or during delivery Radiographic study of such anotn 
abes as imperforate anus (with which gasdistnbutitm 
IS of mterest) should be delayed until gas fills tlie 
colon, usually six to eight hours after birth 


Radiographic Evaluation of Newborns wiih 
Gastrointestinal Obstruction 

The usual cluucal manifestations that lead to ra 
diologic study are vomiting and distenQon The radial 
ogist and surgeon should think in common terms and 
always ask certain key questions, includmg whether 
the obstructed infant has an mcarcerated ingum^ 
benua (Fig 10-124) and whether the vomitus is bil^ 
stamed Bile stammg of the vomitus elimmates supr% 
ampullary lesions such as pylonc obstruction (atresia 
or stenosis), hiatus hernia and esophageal obsmicdoti 
Cluucal distention may be generalized (suggesting 
low small bowel or colomc obstruction, ascites or ma% 
sive pneumopentoneum) or localized to the epigas- 
trium (with high small bowel obstruction) or loiv (as 
with a dilated bladder) 

The radiographic examination, to be helpful, must 
be corrdated with the physical findmgs and clinic^ 
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Ftg 10 124 Small bowel obst uet on seeonOarY to nca c«r 
■ted r ght ngu nal hern a The e s a ama i gae co lectori In the 
rght ngu nal area (arrow) Although rae n the neonatal pe od 
such a he n a muat be eons de ed and excluded n ihe obei uci 
td eh Id befo e nvest gat ng the many congen tal catrses of n 
test nal obstruction 


history One must remember that nasogastric sucoon 
mg will remove air and fluid so chat the subsequent 
plain fllm might look normal Similarly m an mfant 
with colomc distention and vomiting from Hirsch 
sprung s disease rectal examination or passage of a 
rectal tube can lead to compensation lossofcolonic 
au fluid levels and a normal appearing plain film 
The first thing to be done when an infant is distended 
and vomiting is to obtain a radiographic obstmcuon 

Initial plain film examination —The basic ob- 
struction senes used at Babies Hospital consists of 
prone supine frontal erect and left lateral recumbant 
views A single supine film is almost always inade- 
quate to define intestmal obstruction It fails to local 
ize findings and to disunguish the large from Ihe 
small bowel free air unless massive is readily 
missed Additional information is obtamed from a 
prone film the prone position allowing free air if 
present to collect in the flanks <Figs 10-125 and 10 
126) Small bowel gas will remain centrally located 
whereas colomc gas shifts from the transverse and 
sigmoid loops to the right and left colon and »««>" 
because of their dorsal onentation (Fig 10 ^7) Lat 
eral films taken with the infant erect are helpful If 


ait fluid levels are sought parocularly in posterior 
structures such as the duodenum and rectum. The 
left lateral recumbent position allows gas to nse and 
demonstrate the duodenum to advantage Erect films 
(for air fluid levels and free air) can be obtained 
Some radiologists add decubitus news as well The 
left lateral decubitus position allows analysis of the 
right side of the abdomen for free air (which rises to 
Ihe nght flank and displaces the Lver) Portal vein air 
if present is well seen in this position Inverted fron 
tal and lateral news show how far distally colomc 
gas has extended They also demonstrate the level of 
duodenal or high jejunal obstruction Air can be intro- 
duced through nasogastric tubes to outline further 
the distal extent of high obstruction such as duodenal 
or jejunal atresia 


Positive contrast materials -Banum Is well 
known for its excellent coating of the mucosa. Non 
flocculent preparations are the agents of choice for 
the usual upper gastrointestinal or enema study In 
the infant with low small bowel obstruction when an 
enema is used to reveal microcolon the colon may be 
ruptured by the hydrostatic effects of the enema. 
Some radiologists prefer to use water soluble agents 
for this kind of investigauon. When positive contrast 
agents are used only two groups of compounds 
should be considered the various banum prepara 
tions and the water soluble agents The latter are the 
flavored though very bitter Gastrografin and the ex 
tremely bitter urographic agents Hypaque Renogiaf 
m or Conray Liptodol is of histoncal mterest only and 
has no place in pediatnc gastrointestinal radiology 
Given by mouth the matenal cannot be swallowed 
normally and it may be gummed by the infant until 
aspirated 

Water soluble agents are very hypertonic and may 
pull large amounts of body fluids into ibe lumen of 
the uilestinal tract This leads in the small bowel to 
marked dilution and loss of detail on the films Hypo- 
volemic shock and collapse in the infant are also pos- 
sibilities In the colon however this property con be 
used to help evacuate sticky meconium in the meco 
mum plug syndrome and has been utilized in meco- 
nium ileus to evacuate masses of inspissated me- 


coraum 

There is virtually no place for water soluble agents 
in upper gastrointestinal studies unless perforation is 
suspected and confirmation of its site desired. In the 
patient with esophageal fistula, the amount of con 
trast medium rather than the type Is what usually 
causes difficulties Very small amounts of water 
soluble agents are tolerated by Ihelunglf aspirated al 
though the infant may react with violent coughing to 
their presence in the trachea. Larger amounts aspi 
rated into the lungs can cause pulmonary edema. 
Some gastrointestinal absorption of water soluble 
contrast material is normal and visuahzation of ihe 
bladder therefore does not mean perforation Some 
radiologists prefer to use water soluble contrast 
agents to investigate the colon. Unfortunately the 
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FI3 tQ YiS — PneumQBQ toMum A. (3443 wth the pt 
t enl sup ns v susi zes a vague oval lueency over the upper ab 
donten w th the falc form ) gamertt outi ned by a r Tn s could be 
due to perlo at on n many a tes but n th s rtfant was secortdary 
to the mometer pertorat on of the rectos gmo d Free a r cart be 

hydroscopic effects of water soluble agents can lead 
to dianhea, and the radiographic signs of Husch 
sprung s disease can be nussed in infants lacking a 
true transition zone because of total evacuation of the 
water soluble compounds Thus radiologists differ as 
to which agents are supenot We feel strongly that 
nonhocculent banum should be the basic positive 
contrast agent The radiologist not the surgeon 
should select the proper contrast matenal 


d agnosed from the sup ne I Im only f large amounts of s r are 
present In B w th the pat ent p one free a r pushes the I ver and 
spleen rned a y as t collects n the lateral pe toneal reeesiea 
Even sma I amounts of f ee a r are read y d agnosed from the 
prone t m (Fgs 10 125 to 10-127 from Be don efef) 

A few aphorisms are relevant here Many surgeona 
will read the films if the radiologist does not know the 
diagnosuc problems well The surgeon will dictate the 
choice of films and contrast agents unless the radiolo- 
gist knows exactly what to do in a given case The 
surgeon who does his own radiology gets the radio^O’ 
gybedeserves but his patient does not 

Technic of contrast enema -Foley catheters 
should not be used for enemas m neonates The 
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O SUPINE 


AIR RISES VENTRALLY 
FILLS GASTRIC [ 



RECTUM 

Fig 10 127 —A, diagram ahowing localization o< gasirc and 
eolonic air in the aupina projaetion Small bow«r gsa cenirailF 
s tuated can a mulate transverse and sigmoid colon gas and 
vice versa B, diagram show ng localization of gasinc and colon 
le air in the prone proiect on Oelineat on of colon c vs small 
towel gas is taaiitaied as gas In the transysrse and s gmo d co- 
lon shihs to the rectum and posteriorly placed rtghi and left co- 
lon C, sup ne film of an Infant m th bile-stained vom tus drslen 
tion and air fluid levels in the erect project on Large centrally 
placed loops are present Barium enema study was requested to 
verify the clinical suspicion of low small towel obstrvci on O 
With the pat ent prone proves that the gas Is coiomc as the s g 
mold gas sh fts to Ml the rccfum and transverse colon gas sh/«s 
to f II the r ght and left colon Diagnosis was gashoenterd s the 
patient recovered 
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IS readily perforated in this age group even a ther 
mometer or a straight catheter can cause perforation 
but inflated balloons have been more often causal 
The pentoneal reflection of the rectosigmoid is only 
3 4 cm away from the anal orifice and perforation is 
usually mtra abdominal (see Fig 10 125) 

A no 8 nasogastnc tube is passed into the tectum 
with fluoroscopic confirmation of position The but 
tocks are bound tightly together over the tube with 
adhesive tape This nearly always suffices however 
on occasion it may be necessary with great care to 
use a syringe with the baby in prone position when 
hydrostatic filhng m the supine position results m 
contmued leakage 

Technics of upper gastrointestinal study - 
For upper gastrointestinal senes and esophagrams 
two schools of thought exist The bottle approach 
offers a physiologic method of analyzing swallowing 
as a coordmated act from mouth and tongue through 
out deglutition. The major disadvantages are obvious 
air swallovnng failure to dnnk and so much dnnking 
that the areas of interest may be obscured The 
tube school uses the no 8 (ot no 5 foe undersized 
infants) nasogastnc tube The lower esophagus and 
stomach can be selectively studied the stomach first 
then with the catheter pulled back injections into the 
esophagus can be made at varying levels for H fistu 
laes Finally banum can be msulied Into the orophar 
ynx to analyze swallowing or a bottle given at that 
point The tube approach is popular at the Babies 
Hospital 
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Esophagus 

Chnical signs of esophageal obstruction include 
excessive saUvatton drooling choking with feedings 
and dyspnea. A nasogastnc tube may seemingly pass 
into the stomach with return of fluid although it is 
actually coiled in the dilated proximal pouch Postop- 
erative swallowing defects are common in newborns 
with repaired esophageal anomahes Aspirauon and 
gastroesophageal reflux occur despite excellent ana 
tomic repair This may reflect mherent neuromuscular 
abnormalities of penstalsis 

Esophageal atresia with fistula to distal 
ESOPHAGUS -In about 80% of cases there is a com 
mumcauon near or at the canna with the distal esoph 
agus (Fig 10-128) The dilated pouch of the proximal 
esophagus because of gaseous distenbon can often 
be demonstrated in plain chest films u terminates at 
varying distances above the canna This structural 
pattern allows air to reach the stomach via the trache 

FI9 10 128 -Del neat on of tn$ commonest form of esopha 
geai at es a obi qua project on The 0 lated p ox mat pouch is 
f led w th bar um (too much was used and could have been as 
p lated) Arrows are d ecled lo iba a r 1 led d $lal esophagui 
extend ng f om car na to stomach 




al fistula and allows regurgitation of gastric juice into 
the lungs adding chemical pneumonitis to the aspira 
Qon pneumonia related to the obstructed piwdmal 
esophagus The level of the pooch can be identined by 
putting small amounts of banum through a nasogas 
tnc tube with the patient erect (Fig 10-129 A) Rarely 
the pouch is very long (Fig 10-129 B and C) which 
facilitates repair An unusual coexistent Rst^af^ 
Ihe pnomal po-ch lo the trachea map b« i^otUlrf 
by thia ipelhotl a« -ell U nueiaicopT Is added lo Ihe 


Study To allow an Infant with tracheoesophageal fis- 
tula to dnnk barium from a bottle is dangerous be- 
cause of massive aspiration (Fig 10-130) Further 
more water soluble contrast materials are hydro- 
scopic and. if aspirated fa quantity may cause pulmo- 
nary edema (Fig 10-131) A right aortic arch which 
severely comphcates surgical repair is extremely dif 
Ticult to identify before operation Prematunty or eon 
genital heart disease or both with esophageal atresia 
considerably lowers the survival rate 




Rg 10 130 —Esophageal atresia iwith distal fistiita. An excess 
of banum was given by boRle and has been aspirated oullin ng 
the tracheobronchial tree The banum was well tolerated and vir 
tually gone m radiographs obtained an hour later 


Tbe radiograpluc iinduigs In these patients permit 
easy classiilcation Plain film studies show a dilated 
air filled proximal pouch The presence of abdominal 
gas Indicates a fistula. Preoperative studies of the 
abdominal gas pattern are important because they 
may reveal coexisting duodenal obstruction (Fig 10- 
132) Anomalies of the lumbar spine may also be 
present, as well as imperforate anus 
Esophaceal atresia without fistula —About 
15% of patients with esophageal atresia have no fis 
tula with the trachea. Symptoms resemble those 
with fistula, hydramnios is almost always present 
Flam films show a gasless abdomen The esophageal 
pouch can be outlined by either air or contrast maien 
a] the latter preferably injected through a tube (Fig 
10-133) The distal esophagus is present but is usually 
anA exxenis a c«rtjme\eia aWie t-so 
dioesophageal junction The distal esophageal seg 
ment can be identified and its length estimated after 
injection of contrast material via the gastrostomy 
tube with gastroesophageal reflux (Fig 10-134) Gas 
tiostomy is performed for feeding purposes, definitive 
repair is not done until later 
Most patients wth esophageal atresia without fis- 
tula require the interposition of small bowel or colon 
although successful attempts to stretch the proximal 
and distal segments to achieve primary repair have 
been reported The stretching is accomplished by use 
of mercury weighted tubes from above and bougies 
trombelow via the gastrostomy (Fig 10-135) 

The patient ivith esophageal atresia ivithout fistula 
may also have intra abdommal abnormalities such as 
duodenal obstruction (Fig 10-136) which cannot be 
suspected from preoperative plain films Mecomum 
peritonitis secondary to fetal mldgut volvulus can be 
delected from its calcifications (Fig 10-137) The 
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examiner must be aware that the clinical and j’lain 
film pictures of esophageal atresia can be t^shy 
iminicked m the depressed infant with central ner 
vous system damage and a gasless abdomen (Fig 10- 
138) 

Tracheoesophageal fistula without atresIA - 
This abnormality accounts for a smaU percentage of 
cases Although such infants usually have symp- 
toms m the newborn penod, the diagnosis is dilScuIt 
and may be delayed for months Recording of esoPha 
grams on cine or television tape offers the best possi 
bility of diagnosis A tube is passed mto the esopha 
gus, startmg at the level of the canna, several uUec 
tions of contrast material via the nasogastric tub? ^ 
made and recorded Observations are made at pro^res 
sively ascendmg levels because these fistulas may he 
anywhere from canna to larynx, and may be multiple 
Recording is started pnor to each injection so that if 
contrast matenal appears in the trachea, playback 
can ascertain if it went directly through a fistula or 
was aspirated via the larynx These studies are best 
done vnih the patient prone and with honzoUia) 
beam, lacking the necessary equipment, a steep re- 
cumbeot obbque view with vertical beam is s#Os 
factory (Fig 10-139) Fistulas may recur after puma 
ry repair, or muluple fistulas may have been present 


Fig 10-131 -Otmonstration cf the danger of aspiratioR ©1 
large amoums of water soluble contrast agents This pat ant with 
esopiwgeat atres a and d stai fisiuu had gasircstomy Surgsen 
inst Had a water soluble agent into the stomach to cheek on 9*3 
trie emptying The agent refluxed up the distaf esophFSns 
through the fistula (arrow) into the tracheobronchial tree 0*^3- 
ing choking (atfowing contrast to f II the pharynx) and moderAt©'/ 
severe pulmonary edema due to hypartonicity of the agent 
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Tg 10 140 -S mulat on of esophageal at es a w th d sial t s 
tula Th 9 ntant had swal ow ng problems attempts elsewhere to 
pass a large lube ware unsuccessful A.L p odd swallow shows a 
bl nd pouch w th several pockets thought to represent p ox mat 
d fated at et e esophagus w th d stai f stula B loiiow up t im 



shows a patent bar um If ed esophagus w th res dual L p odoi n 
false passages n the med ast num Th s represents pr or perfo a 
ton of ether the hypopharynx or the esophagus wth a false 
passage s mutat ng esophageal atres a. The pat ent recovered 
w thout surgery 


Rg 1I>-141 -Th s rad ograph appea ed n ea I e ed t ons as 
an example of eongen tal pharyngeal d vert eulum Th s newborn 
pat ent had swa low ng problems and attempts to pass a naso- 
gastr c tube we e unsuccessful fo ow up roentgen stud es and 
phys cal exam nat on fa led to show any abno mat ty and the n 
lant recovered w thout surgery other than neonatat gastrostomy 
at the t me of the presumed pedorat on (that s mutated pharyn 
geal d vert eulum) 



and not noted at the tune of pnmary repair These 
events convert any of a number of types of esopha 
geal atresia into the so-called H type of fistula. Bar 
lum has been safely used in these examinations 
SomeradiologistspreferDionosil or even water soluble 
agents The amount aspirated into the lungs could be 
dangerous with the latter (see Fig 10-231) The signs 
and symptoms of the H fistula can be mimicked by a 
persistent esophagotrachea (Jiosfenor /aryngeaf cfeft) 
Diagnosis is made by endoscopy the radiographs 
shoiving only marked aspiration 

Acquired esophageal obstruction — Some m 
fanis have spasm of the pharyngeal musculature or 
swallowing mcoordination Overzealous attempts to 
pass nasogastric tubes m such infants to ascenain if 
the esophagus is patent have resulted in perforations 
m the pharynx and upper esophagus and created false 
passages Passages thus created may almost mimjc 
esophageal atresia with tracheoesophageal fistula, 
both clmically and radiographically (Fig 10-I4(]) 
Patients who m the past, had the diagnosis of pha 
lyngeal diverticulum or esophageal diverticulum or 
esophageal dupbcation in all likelihood had traumatic 
perforation of the pharynx or the esophagus or both 
(Fig 10-141) 

Hiatus hernia cmalasia —In the United States 
symptomatic hiatus hernia and total cardioesophagea] 


Fig 10 142 (■•tt) -Hug« aaymptomat ch4«ji he na<nan»w 
born Infant who had the el n eal faaiures of 13 15 tnaomy ai 
though the eh omoeomes we e no mat Gastroesophageal reflux 
was not demonst atad on flueroseop e study 
Fig 10 143 (right) -SI d ng h atus herrt a n an anem e rtew 


Fig 10 144 -Pulmonary s«duasiraton eommuneairrg wlh 
the lo egut A, pla n f Im shows a mass s mulat ng a h ata hern a 
poueh B ba urn swa ow de nea'es an esophageal connect on 


ben nfan! wth nonb ousvomtng Gastroesophageal reflux 
was pronounced on fluorescop c etudy Narrow ng above the 
he n a d sappea ed w th th chaned feed nga and propp ng of the 
nfani n eem erect poe ton At 1 year of age the he n a was no 
lottge demonstrable though moderate reflux pars ated 


to the mass wh ch conta ned both pulmonary and gastre ntae- 
t nai I ssue as a form of sequeste ed foregut (Courtesy of D T 
Spademan New Heven Conn } 




incompetence are uncommon In the neonate whereas 
m Great Britain many are seen in the large medical 
centers 

Some of the largest hiatus hermas cause no symp 
toms and are discovered incidentally (Fig 10-142) 
Others may cause such serious comphcations as te 
flux esophagitis repeated aspiration pneumonia 
bleeding severe anemia and stricture formation The 
patients with symptoms reflect the high degree of 
gastnc acidity of the neonate (Fig 10 143) 

Congenital short esophagus is very rare If the 
concept IS correct the thoracic stomach should have 
a separate aortic blood supply In fact virtually all 
thoracic parts of the stomach associated with cases of 
hiatus hernia have a subdiaphragmatic cehac axis 
supply and the short esophagus is secondary to pep 
tic esophagitis 

Chalasia (massive cardioesophageal incompetence) 
is best considered with hiatus hernia Either can 
cause severe peptic esophagitis which if chronic can 
lead to esophageal stricture esophagitis per se is 
never radiographically demonstrable m the acute 
phase Surgery is limited to the very few patients who 
do not respond to standard medical treatment 

£S09HAG£AL-S»0tlClUAL COMMUNICATION 1NCLU&* 
IKG SEQUE$TES£D FORXGuT -Rarely there is a con 
genital esophageal bronchial fistula with signs sum 
lat to the H type of tracheoesophageal fistula la some 
infants a mass made up of sequestered lung and gas 
trointestmal tissue is present and fills mtb banum 
Radiographically this may simulate a hiatus faemia 
both m plain films and in contrast studies (Fig 10-144) 

Spontaneous per/oration of the esophagus in the 
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neonate descnbed by Boeihaave is usually manifest 
ed as hydropneumothorax It is very rare and the 
cause IS speculative 
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Stomach 

Gastric obstruction —In the Immediate neonatal 
period gastnc obstruction is rare and usually due ei 
ther to hypertrophic pylonc stenosis or to antral webs 
and membranes (Fig 10 145) Total obstruction sug 
gests atresia or a tight pylonc stenosis Partial ob- 
struction is more likely to represent hypertrophic py 
lone stenosis or severe pylonc spasm As one would 
anticipate these patients vomit nonbilious matenal 
have hyperactive penstalsis and therefore may have 
visible penstalbc waves They rapidly become alka 
lotic 

Plam filin studies may show alarge stomach usually 


with evidence of penstaluc activity (Fig 10-146 A) 
and either no gas or very little gas beyond the stom 
ach Gastrointestinal series could be performed with 
air as a contrast medium but banum is more com 
inonly used (Fig 10-146 B and C) To facilitate con 
trol the contrast study is performed via nasogastric 
tubes This also allows aspiration of stomach contents 
pnor to the study 

Hj/perlropfiic pylonc stenosis is included here al 
though it 18 not commonly diagnosed until after the 
immediate neonatal penod The mfant with hyper 
tn^bic pylonc stenosis may have a readily palpable 
obve and not require radiologic study a mass is 
never felt in a small percentage of cases and roent 
gen study is necessary to establish the diagnosis The 
number of tunes the olive becomes palpable after ra 
diographic demonstration of hypertrophic pylonc ste- 
nosis IS impressive Hypertrophic pylonc stenosis is a 
combuiation of intermittent pylonc and antral spasm 



1*6 - 


Gastrointestinal Tract-Stomach / 1493 



Fig 10 147 -Cast cp«rforalon A,planrim $i>ows fraa gas nan niant wr>o also had left d aphragmat e hern a Thsledto 
from eomplate rupture of the gasir e wall Both nner and outer the un que comb nal on of pneumoper toneurn and pneumotl^or 

walls of the small bowel are outi ned as we I as the laic form i ga ax <B courtesy of Or B E senberg Suffern N Y ] 

ment B demonstrates free gas from complete gast c perforai on 


Pig 10 148 -Incomplete rupture of the gasirc wall A plan of the stomach and a most total obst uet on Surgery revealed 

f Im revea s unaxpla ned gastr c d laiat on n an nfani n whom rvptu e of the serosa and muscu a s a though the mucosa was 

the nasogastr c tube was left n place The follow rtg day the pa niaci The t I ng defect was thought to represent a comb nat on 

t ent had a gasless abdomen and obstruct ve s gns B contrast of the d stoned retracted muscle and the edematous although 

studyatths t me shows ala get U ng defect in thedstalponon ntact mucosa 
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in an infant with a hypertrophied pylonc muscle Hie 
stomach is alternately quiet without penstalsis and 
hyperpenstalac with obstruction at the pylorus Radi 
ographic Rndmgs reflect these two patterns The 
string sign of an elongated upturned pylonc canal 
can be mimicked by spasm Fluoroscopic evidence of 
byperpenstalsis the strmg sign with mdentation of 
the base of the elevated duodenal bulb and chemical 
evidence of metabohc alkalosis m an mfant several 
weeks old usually mdicate hypertrophic pylonc steno- 
sis Errors are made probably related to marked pylo- 
Tospasm Banum injected via nasogastric tube into 
the stomach after removal of its contents with the 
infant on his nght side allows early visuahzabon of 
the area without overlapping by large amounts of 
swallowed banum Delayed gastnc emptying is a poor 
sign on which to base the diagnosis 

Some patients may continue to vomit postopera 
tively and radiographic studies show continued nar 
rowing of the elongated pylonc channel Therefore 
radiographic study is not the method of choice in 
evaluatmg the success of surgery The channel in the 
postoperative state is either honrontal or directed 
downward 

Gastric pertoration —This is a catastrophic 
event with the mfant going mto sudden shock and 
becoming lethargic and markedly distended Films 
show varying degrees of free pentoneal gas This is 
by no means pathognomomc since perforation of the 
rectum by a thermometer (see Fig 10 125)orperfora 
non from any other cause can lead to an identical elm 
ical and zadiogiaphic picture (Fig 10-147) Such gas- 
tnc perforanon was formerly attributed to congenital 

Fig 10 149 -Qsstr 6 Cupl eat on On ntrivaneuspyeography 
n a 3 weak o d infant Peeause of fa lure to tnr ve the sup nef Ini 
showed no abnormal ty but the prone f im (*) shows a rounded 
mass protrud ng Into the gaatre mucosa (arrows) An upper gas- 


absence of the gastnc musculature since no muscle 
was found on biopsy study of tissue around the renL 
Occasionally a nasogastnc tube had been passed and 
was blamed for the defect Surgeons now ^Ueve that 
it is an acquired lesion either caused by hypoxia 
and ischemic perforation or secondary to acute gas- 
tnc dilatation In experimental acute gastnc dilata 
tion m puppies Shaw and colleagues were able to 
produce absence of the gastnc musculature around 
the rent This reflected perforation first of the serosa, 
then of the musculans with lateral retraction of the 
musculature away from the rent The mucosa finally 
perforated and biopsy specimens from around the 
defect contained no muscle One patient has been 
encountered with gastric obstruction after a penod of 
acute distention m whom exploration revealed disrup- 
tion of serosa and muscularis The intact edematous 
mucosa was ready to perforate (Fig 10-148) 

Gastbic masses tN THE NEWBORN -Gastnc mtra 
mural teratoma and also dupheabon may be encoun 
tered HieTe may be gastrointestinal bleedmg with 
shock or an asymptomatic mass may be felt or these 
lesions may be identified on abdonunal films obtained 
for other reasons Calcium bone and fat content in 
such a mass suggest a teratoma, whereas a mass of 
water density may indicate a dupheabon (Fig 10- 
149) 

Id the stomach as well as the small bowel and co- 
lon a duplicauon may reflect a true embryologlc fail 
ure of normal delineabon or of vacuollzanon and fail 
ure of recanalization Other dupLeations may be 
vrltbtn the mvolved organ s mesentery and reflect a 
persistent connection to the pnmiuve notochord it Is 

t 0 Aiesi nal se »s was performsd mmao ateiy B dt nestes • 
biobed ret/ogastre curved dalcei represent ng two gastre du 
pi cat CM conte n ng pancreat c and gastr e t asue No vertebral 
•nomai es were noted 


with this group that segmentation anomahes of the 
spme have been noted 
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Duodenum 

Duodenal obstrucaon may be mtrmetc (atresia or 
stenosis), extnnsic (malrotation vnth or without vol 
vulus), or both, in the same patient Intrinsic duoden 
al obstruction is usually manifested during the 1st 
day of life by bile vomiting Accumulation of exces- 
sive bile-tinged gastnc secretions may be noted if the 
stomach is aspirated Rarely the obstruction is above 
the ampulla, m which case bile is not present m ei 
ther vomitus or gastric aspirate Typically, these pa 
tients do not seem distended 
One third of the patients with duodenal atresia 
have 21 tnsomy (Down’s syndrome) Anomalies of the 
esophagus, anus, lumbosacral spine or extremities 
may be present. Maternal hydrammos is conunon. In 
plain films of the typical case there Is a "double bub- 
ble” with a gasless abdomen below The double bub- 
ble IS only an indication of a high degree of duodenal 
obstruction but not of its cause (Fig 10-150) 

Plain film evaluation should include prone, erect 
and left lateral exposures Lateral decubitus or in 
veiled films may also be added Banum enema study 
should be made to assess cecal position if any delay m 
surgery is proposed, because of the possible confusion 
and/or association of duodenal atresia with midgut 
malrotation and volvulus With incomplete obstruc- 
tion there is, of course, gas beyond the duodenum 
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Rg 10 150 -Total Ouodenal obstruction in a newborn to 
atresia The double bubble (not apeeific for thia condition) tap* 
lesents air Ou<d levels In me stomach and duodenum Thiii PS* 
tieni had 2i trisomy [one third of patients with duodenal atrsna 
have Down s syndrome) 


The duodenum in either case is dilated If the stom- 
ach and duodenum are fluid filled, nasogastne 
turn and replacement by air facilitates tadugrapldc 
diagnosis Air is the preferred contrast medium 
high, complete or almost complete obstructions V^ry 
rarely, because of a presumed anomaly of the bile 
ducts, one entering above and one below the site of 
obstruction, air may reach the distal bowel, even vs'ith 
complete atresia (Fig 20-151} 

Malrotxtios and volvulus —Duodenal obsa«<^ 
bon, even on the Ist day of life, may be due to mal^ 
tation and associated volvulus This is the cnti<=Rl 
emergency m the obstructed newborn because ibe 
entire tnidgut may become infarcted Clinically, 
of these patients are seen during the 1 st month cf 
life, as reflected in the Babies Hospital statistics 
59 of 77 seen In the 1st month, 30 of the 59 in die 
1st week (10 of these 30 died) There is bile voniR 
uig, which may be intermittent Soft distention 
usually present These patients, however, may app^^ 
to be quite well after the imtial bile emesis, so th^l 
the critical nature of their illness Is not appreaated 
Malfijcatton 1$ a better term than malrotation be- 
cause the usual broad mesenteric fixation from d*® 
left upper quadrant to the right lower quadrant is 
absent (Fig 20-152), and the entire midgut hangs o” 
a narrow pedicle, at the base of which is the superior 
mesentenc artery For reasons that are not clear soi^c 
patients with this anomaly are asymptomatic Thtf^c 
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Pig. 10 153 -Uads baftds with duodenal compcessioo mpa muat be divided after reducton o1 the votvufuam order to relieve 
tients with malrotation The left sided (A) and m dime (B) cecum the obstruction 
has dense peritoneal bands crossing over the duodenum These 

seen in the neonatal penodhave the midgut twisting num to the nght gutter andhver Ladd discovered that 
arovmd the supenor mesenteric artery As this occurs reducQon of the volvulus was insufficient to rebeve 
the initial symptoms are due not to the volvulus of the the obstrucoon in these patients and that the bands 
nudgut but to obstrucoon of the duodenum by the had to be divided to permit total recovery (Fig 10- 

dense bands, sixalled Ladd's congenital peritoneal 153) Compromise of the vascular supply may cause 

bands that extend from the cecum over the duode- necrosis of the entire small bowel Less severe con 

Pig 10 154 -Total duodenal Obstruct on mar> infant 5 days of ed cecum farrow) Surgery revealed Ladds bands cross ng the 

age who took normal feedings (or four days then began to vomn duodenum and 360* votvu’us of the midgut {Pigs lO-ISCandlO- 

b le A demonstrates obstruction this could be due to mtnnsic or ISS from Berdon et ■/ ) 

extnns c causes B, after banum enema, del neaies the malrotat 
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Fig It 1SS -Mtiretat or> and volvulus in an nlantSdaysef 
age wUioneep aodeof b levom t ng A sup naf Im looka 
normal altnough the duodenal bulb a modertleiyd lited 
(arrow) B w (h the pat ent prone ahows an abnormal atapladder 
arrangememolih ck walled email bowel loops on the right 
(arrowe) Kwouid be v rtualiy impose bis lor colon ehaustrai on 
lobelhsiargernanewborn nfent Thsdagnossolmalrotaton 
and voivu us wu suggested because Ql the edematous contour 
changesof the small bowel C oflheuppergasironieetnal 
senes demonstrates lhad ated duodenum seen In A, the 
adematous mei otated loops shown In B and malrotal on 
Surgery reves ed Ladd s bands and 360* volvulus 
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F 19 10 156 —Nearly complete duodenal obstruction in an 
infant (With volvulus with the upper gastrointestinal senes 
demonstrating the diagnostic corkscrew pattern o( twisting looPS 
of ieiunumferrowt) descending around the supenor mesentenc 
artery This is evidence ot absence of a ligament of TreiU and of 
volvulus of the m dgut 


atnctioTt may result m venous engorgement wtih 
leakage of blood into the intestinal tract and melena. 
Rarely the obstructinn u pruicipally lymphattc, and 
the distended lacteals rupture, producing chylous as 
cites 

Two major groups of patients with malrotation and 
volvulus can be defined In some infants total duo- 
denal obstruction is visualized in plain films (Fig 10- 
154, d) Originally, the obstruction senes would be 
similar to that of a patient with duodenal atresia. If 
surgery is to be undertaken immediately regardless of 
the cause of the duodenal obstruction, no further 
studies are indicated If, however, a delay of surgery 
is contemplated (for fluid replacement, improved 
anesthetic assistance, and so on) « is mandatory to 
exclude the presence of malrotation Emergency bar 
lum enema Is then indicated (Fig 10-154, B), even 
though some patients with actual duodenal atresia 
have associate asymptomatic malrotation Malposi 
non of the cecum in an infant with duodenal obslruc 
non means associated volvulus until proved otherwise 
and IS an indication for immediate surgery In the sec 
ond group of patients with malrotation and volvulus, 
plam film findings either appear to be normal or indi 
cate imnimal duodenal dilatanon (Fig 10-155) re 
fleeting the mtermittency of the obstruction or the fact 
that the panent has either vomited ot had suction im 
mediately before the films were obtamed Infants who 
vomit bile and have “normal” plam films must be 
studied if the 33% mortality m newborns with this 
condition is to be lowered It has been customary in 
this situation to use a banum enema This jdus bat 
lum given by mouth in cases of suspected obstruction 
allows assessment of other possible causes of the 
same clinical picture Use of the upper gaslrtnnfeso 
nal senes has great appeal m these cases It is rapid 
and easily performed, defines both presence and de- 


gree of duodenal obstruction and identifies the duo- 
denojejunal junction and the nght sided locatipn of 
the jejunum It has even been possible to demonstrate 
venous engorgement of the jegunum with signs of 
edema and bleeding into the bowel walls (Figs 1(1- 
155, C. and 10-156) 

An intrinsic obstruction may be present in 10- 
15% of patients with malrotation and volvulus After 
coirecnon of the extrinsic obstruction, the duodenal 
web, or diaphragm, may stretch and give nse to vary 
ing degrees of duodenal obstruction and to the “v)Vid 
sock” duodenum (Fig 10-157, A and B) In all bkeli 
hoed this IS what used to be called intraluminal 
duodenal diverticulum (Fig 10-157, C) By running a 
large catheter from the stomach mto the jejunum, the 
intrinsic obstruction, coexisting with the extrinsic 
one, can be identified and both corrected at the initial 
procedure 

Some conditions in the newborn— diaphragmatic 
hernia, omphalocele and gastroschisis— are always 
assoaated with malrotation Volvulus may therefore 
develop in any of these circumstances following re 
pair of the primary anomaly (Fig 10-158) Gastfobi 
testinal anomalies, especially malrotation, are found 
in patients with anomalous situs, as in asplema and 
polysplenia syndromes (Fig 10-159, A) These include 
malrotation and volvulus as well as duodenal divertic 
ular formation and pylonc obstruction by a prepflor 
ic portal vein (Fig 10-159, B) 
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Fig 10 157— A from a gastrointest nal genes shows total 
duodenal obstruction in an inlant 7 days of age At surgery a 
360* volvulus was reduced and Ladd s bands were divided Five 
daysfaterihapatient wassga n obstructed B atthsiime dem 
onsirates itie lucent curvil near outi ne of an internal duodenal 
diaphragm {aiicms) that was m ssed atthet rst operat on C, 
schematic drawing of the iriternal duodenal w ndsock d a 
phragm This is the same as the intralum nal duodenal d vertic 
ulum (From Berdon eta/ C courtesyofOr A.H Bill Seattle 
Wash I 
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Fig 10-158 -Omphalocele A shows a huge ventral delect previously extenoriaed loops of midgut the radiograph shows 

Involving the umbilicus (if the umbilicus Is not involved the de- irregular thickened walls of the malrotated midgut Volvulus was 

feet IS termed gastroschisis) the liver and midgut are out of the not preseru and the the patient recovered (B, courtesy of D'' A 

abdominal cavity with obligatory lack of normal midgut fixation Shaw New Vork ) 

B, after repair it is not unusual for blood to oota from the turg d 


Pig 10 159 - A, anomalous situs with m dgui volvulus A) lone portal ven causing gasincobstiuctivssignssimilar to those 

though volvulus was present lummal obstruct on of the duoden- of pylonc stenosis On the left is a large asymptomatic duodenal 

urn was minimal and venous engorgement of the midgut was the dverticulumcontsiningboingsssndbarium(arrew] The patient 

stnking finding at operation which also disclosed muttiple had asplenia syndrome (From Berdonef a/) 

spleens (polysplenia syndrome) 6 anomalous stus with prepy 
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Small Bowel 

Atresia as a fetal vascular insult —All mies 
tlnal atresia was formerly thought of as an embryo- 
logic failure of normal canalization and vacuolizauon 
This had never been demonstrated except in (he duo- 
denum but was accepted as the explanation for jejun 
al and ileal atresia The true cause would have been 
realized had it been appreciated that swallowed squa 
mous cells lanugo and bile pigments are usually 
present In the distal bowel This is evidence that the 
fetus swallowed and had an intact gastrouiteatma) 
tract long after the occurrence of the embryotogic 
events supposed to be responsible for atresia It re 
mained for surgeons and pathologists to produce 
atresia by fetal surgery on pregnant ewes with liga 
turn of the blood supply to the fetal bowel Barnard 
and Louw in South Afnca and Blanc and SantuUi m 
the United States were able to do this without caus 


ing fetal death or imscamage Depending on the du 
ration of the ischemia and the site they could pro- 
duce single or mulople stenoses or atresias Since 
about three-quarters of the infants bom with such 
atresias have no obviously demonstrable fetal vascu 
lar compromise the skeptic might doubt the rele- 
vance of such expenmental studies For this reason it 
IS proper to turn to infants with cystic fibrosis of the 
pancreas 10 % of whom are bom with intestinal ob- 
struction in the form of meconium ileus (Fig JO-160 
A) The common occurrence of atresia or segmental 
volvulus and stenosis in such patients may justify the 
ischemic theory for the causation of jejunal and ileal 
atresias in human inf ants (Fig 10-160 B) 
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Meconium ileus -The Infant with inspissacion of 
the abnormal ileal meconium secondary to cystic 
fibrosis may be totally or partially obstructed Diiten 
uon and bile emesis are common Tbe rectal exami 
nadon shows a tmy rectum barely admitting a finger 


Fig 10 160— A schema! e fltaw ng of uneompi cated meeon sible effect when volvulus oeeurs ibove the Inspissated mecon- 
ium ileus Pellets of Iflsp asated meconium fir the term nal ileom tom Ischemie changes mey occur lead ng to etenot's litesa. 

above a mierocolon Several loops of more proximal iieum con perlorsiion meconium peniontis and pseudoeysl format on 

tain thick fenaeioua meconium B schematic drawing of tnepos (Figs 10 160 to 10 163 A and B Leonidas atal) 





erj« pM/on'shn^TL'l'M A. plan irm obUnng ups<J«Jown lateral vews C frontal and D lateral 

gas and mernn ^ *'"'® » ews of a pat ent with cl nical diagnos s of .mDertorafe ^us IhJ 

or n '®“s> Notefack e*am ner thought he left an occiuri no m»mhr«no „®.k * *"® 

loops^o s luiVtn f"’ D^°'^ '^® ab I ty of d fated sma I bowel lumen rectum o D proves that the ebstfuct^rra^ve the 
'em of d Her6nt at nL°L.^^^^^^^ its small cal ber Sweat lest was pos I w fo cyst^ 

“> o tierent at ng small from large bowel can be solved by f bros s. ^ 
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and aometunes erroneously considered to be a form of 
anorectal malformation Hydramnios, which is tela 
tively common with duodenal or high jejunal obsmic 
Qon is rare, with meconium ileus The cause of the 
ileal obstruction is unsettled, pancreatic achylia and 
abnormality of the intestinal mucus per se are popu 
lar explanaaons 

In uncomplicated meconium ileus the terminal 
ileum 15 full of dned pellets resembling deer drop- 
pings (Fig 10 160 A) Proximal to this are one or two 
distended loops filled with tenacious tarlike contents 
In erect films there is a paucity or absence of air fluid 
levels (Fit 10 161) first noted in 1948 by Zimmer 
and in 1956 by White. Distenfion Is uneven, vnib sev 
eral large loops while others are normal in size or 
sLghtly dilated The small bowel loops In mecomum 
ileus have an amazing ability to mimic colonic loops 
in both size and location Frequently only tbe contrast 
enema, by demonstrating a "microcolon ’ (Fig 19- 
162} can give tbe answer In addition some gas gets 
into the tarlike mecomum, creating a bubbly pattern 
in the right lower quadrant This is not specific for 
mecomum ileus, it resembles the gas-fecal mixture 
seen m the cecum ui older patients and in Infants 
with low sigmoid obstruction such as Hirschsprung's 
disease 

Obstruction in uncompbcated cases may be re- 
lieved by cleansing enemas Formerly hydrogen per 
oxide was used before and during surgery for this 
purpose with considerable success but reports of gas 


embolism associated with this method led to its aban 
donment Evidently the pero^dde is irritating and the 
bowel mucosal mtegnty is lost, gas from both the 
peroxide and the bowel lumen penetrates the wall 
and gram negative bactena follow 'The gas in portal 
radicles goes to the liver, and shock probably second 
ary to gram negative sepsis develops If water soluble 
agents such as Gastrografin are employed as an ene- 
ma to disimpact uncomplicated mecomum ileus, this 
should be done with surgical cooperation and con 
sent Intravenous fluid will be needed to counteract 
the powerful hydroscopic effect of the bypertomc con 
trasi enema. 

l-ess than S0% of cases of mecomum ileus are of 
the uncomplicated type, the majority being comph 
cated meconium ileus (Fig 10-160 6) The usual 
complication is segmental volvulus Proximal to the 
volvulus, there may be atresia (single or multiple) or 
stenosis Obviously with ischemia and secondary 
atresia air fluid levels m the dilated segment above 
the atresia will be found (Fig 10-163 A and B) The 
fact that about 25% of cases of jejunal and ileal atre- 
sia at the Babies Hospital have been secondary to cys- 
tic fibrosis has led to performance of a sweat test on 
all survivors of small bowel atresia 

Should perforation occur in utero in such pauents 
a chemical peritomtis occurs accompanied by the 
formation of dense adhesions Calcification may be 
evidence of such meconium peritonitis (Fig 10-163 
O Although commonly found on the peritoneal sar 
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face, It may also be intramural or even mtraluminal 
WolfFson and associates concluded that meconiuin 
peritonitis can be suspected (Fig 10-163, D), in the 
absence of calcification, by the detection of ibac crest 
and long bone stress Imes that they had not found in 
uncomplicated mecomum ileus or other types of 
obstruction such as Hirschsprung's disease Unfor 
innately the stress lines date the insult rather than 
indicating its exact cause, and cases of meconiom 
pentonitis without stress lines or calcifications will 
contmue to be seen 

MicrocoloR in meconium iteus and relations to 
level of obstrucU07i —If a contrast enema is given a 
patient with meconium ileus a microcolon is demon 


strated (see Fig 10-162), that is a colon of normal 
length but tmy caliber The colon contams lanugo 
squamous cells and bde tmged meconium Its small 
sue IS related to loss, probably relatively late in utcro, 
of continued passage of small bowel contents to the 
colon, where water absorption leaves a mecomum 
residue Following surgical decompression and anas 
tomosis in mecomum ileus, the ‘ microcolon' regains 
normal sue Microcolon is seen whenever an obstruc- 
tion IS so low m the small bowel as to prevent a signif 
leant amount of small bowel contents from reaching 
the colon A long penod of tune need not elapse be- 
tween the insult and birth, because it occurs with 
mecomum ileus, a presumed third trimester event 



SQUAMOUS 
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Rarely it Is associated with a true embryologic vascu 
lar amputation of the part of the imdgut that can be 
caught at the umbilical nng dunng extracoelomic 
intestinal rotation and return to the coelomic cavity 
The microcolon leads to a malrotated cecum which is 
seen in the lateral view after barium enema to go to 
the umbilicus (Fig 10-164) The pathologist may find 
tiny infarcted bowel loops in the umbihcal cord of 
such a patient 

Patients with esophageal and duodenal atresia 
have normal cahber colons indicating that swallowed 
amniotic fluid gastnc juice and bile pigments are not 
necessary for development of a colon of normal cah 
ber IVhat determines colon cahber is the amount of 
succus entencus and the amount of small bowel left 
In continuity with the colon plus the ability to propel 
the succus entericus into the colon 
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Prenatai. volvulus and pseodocysts —In some 
patients with jejunal or ileal obstruction prenatal 
intestinal gangrene with calcification of the loop 
may be evident on pelvimetry or newborn films (Ftg 
10 165 B) Dependmg on the time of onset and tight 
ness of the mvolved loops the ischermc bowel may be 
matted together into a cysthke mass or pseudocyst 
(Fig 10-165 A) With time this can separate from the 
dilated proximal bowel and the collapsed lower ileaJ 
loops to resemble a dupbcation cyst The pathologist 
may be able to give the real diagnosis by finding meco- 
niurti and bowel loops within the cyst WiUiamBlanc 
(N Y Babies Hospital pathologist) concluded that 
about one-half of the cases of such pseudocysts were 
secondary to cystic fibrosis 
The distended patient with such a pseudocyst may 
show evidence of apparent high small bowel ob- 


struction on plain films (Fig 10 165 C) even though 
the flanks are bulgmg Banum enema reveals a mi 
crocolon The total body opacification phase of the 
intravenous pyelogram has shown evidence of lucent 
infarcted loops withm the volvulus or pseudocyst 
(Fig 10-165 D) To confuse the diagnosis further the 
pseudocyst may rupture and ascites may be present 
as well 

Colon pertoration in cystic fibrosis -Five in 
fants in the Babies Hospital senes of netvboms with 
mtestmal obstruction from cystic fibrosis had disten 
tion tnhous vomiting and massive ascites with small 
amounts of free mtra abdominal gas (Fig 10-166) 
Contrast enema showed colon perforation There was 
no particular site of predilection the hepatic flexure 
and various sites m the left colon were involved There 
was no evidence at operation of meconium ileus per 
se The lower ileum showed no signs of inspissated ob- 
structing contents All patients gave a positive re- 
sponse to the sweat test The cause for this com 
pbcation of fibrocystic disease is unknown although 
speculation has centered on stercoral ulceration by 
meconium contents 

Meconium peritonitis without obstruction in 
cvsTic FIBROSIS -One infant with an intact gastroui 
testinal tract had soft bilateral scrotal masses 
thought to be hydroceles at birth and firm masses in 
(he scrotum at 6 weeks of age Roentgen study re- 
vealed calcification and mecomum pentomtis within 
the scrotum and abdominal cavity (Fig 10-167) The 
patient bad a positive response to the sweat test and 
later developed typical pulmonary findings The pre- 
cise in utero event leading to such perforation is not 
known This sequence is rare and most repoRed 
cases of calcified scrotal masses as a sign of mecon 
lum peniomos with an intact gastromtestinal tract 
were m mfants without cystic fibrosis Mecomum 
etiiets the scrotum via the patent processus vaginalis 
apparently bemg sufficiently fluid to flow and to mhn 
1C soft hydroceles Perforation may be secondary to 
hypoxia shortly before birth and in nearly all cases 
there is a delay of several weeks before the masses 
sohdify and are palpable 

Duplication of the ssiall bowel —Tubular or 
cystic masses may be observed in the small bowel 
Some are parallel to and within the serosa of the 
normal small bowel and probably reflect embryologic 
errors m normal canahzation Others of varying site 
are Found within the mesentery or on the mesenteric 
side vertebral segmentation anomalies are some- 
times present The latter group Includes neuroenteric 
cysts as part of the split notochord syndrome (Fig 10 - 
168) presumably due to persistence of the embrjolog 
ic connection between the developing gut and neural 
tubes Both types of duplication may contain gastnc 
and pancreatic tissue They may communicate with 
the ileum and cause ulceration and bleeding or ob- 
struction from adhesions 

Meckel s diverticulum —A tubular mass with 
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Fig 10 1S6 -Colon c perforat on in cyst ctibros s 
The;e was a cl n cal Impress on of an abdominal 
mast Total body opacif cat on on intravenous 
pyelography shows the dense liver shifted medially by 
ascites and meconium per tonit a (arrows) Note 
bubbles of free gas lateral to the liver Surgery 
revealed perforat on at the hepat e flexure without 
term naf ileal mecon um ileus (From Leon das eta/) 


Fig 10-167 -Mecon um peritonits without gastro nlesimal 
Obstruct on manifested as hard scrotal masses in an infant sub- 
sequently proved to have cystic f bros s Presumably the prenatal 


perforation sealed however the perforation allowed I qu d me- 
conium to flow through the patent processus vag nal s into the 
scrotum where it sol d f ed and calc f ed (From fierdon et a/ ) 




Fig 10 168 -A schema! c draw ng el develOFmenul poster or 
eriteric remnant the so ca' ed neuroenienc forms of dupircat et> 
are included as part ol the spl t notochord syndrome They are 
often essociaiad w th malsegmertal on of the vertebral column 
although not neeessar ly at the same level as the mass B huge 
commun cal ng gas filled nevreenferic cysl wrW verfebrai mal 


Fig 10 169 -Oiant Meckel S d verticulum m an infant 6 days 
Of age In A, tne m xlure of gas and meconium m ine giani d ver 
t culum a mulatea me plain film picture ol meconium ileus Ob- 
Btructive aigns were rn n mai Such masses are aniimesentene in 


segmentat on The only ci n cal a gn was m id g bbus at the sue 
ol the abrwrmai vertebrae Senum could net be introduced into 
the cyst despt# ebveua cemmuncaton win tne intestine as 
shown by its gas content Such masses ere mesenter e in loca 
lion (A couriesyolDr J F A Bentley Gasgow Scotland) 


location B surgical spec men shows the ant meseniarie a te 
of the d ven cuium The afferent ileum (on nght) is d lated end 
Iheeffe enl ileum (on left) i$ normal (Courtesy ol Dr V F Cross 
Albany N V ) 
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Fig 10-170 -Patent omphalorresentenc duct A tiny ©nlice 
was noted after cleansing of an asyrrptomat c crusted umbilicus 
Water soluble contrast med um injected <"lo lf>® ce I lls the 
the Ileum demonstrating the patent duct Meckel s diveiiicuium 
IS an incorrplete interna! remnant of th s duct (Courtesy of Or 6 
Van Syekie Danbury Conn ] 


areas simuUong gastnc and pancreatic tissue may 
be found on the antimesentenc border in some nor 
mal Infants and adults at autopsy This is the persist 
ence of the inner part of the omphalomesentenc duct 
and is called Meckel s diverticulum Clinical signs 
and symptoms may be present m the newborn such 


as bleeding and obstruction from adhesions second 
aiy to diveruculms Rarely the diverticulum enlarges 
as it fills with meconium and feces and simulates m 
testinal obstruction from meconium ileus (Fig 10- 
169) 

The entire omphalomesenteric duct maybe patent 
This may cause no symptoms or lead to fecal umbih 
cal drainage on the abdominal wall Injection of con 
trast medium demonstrates a ' fistula to the ileum 
(Fig 10-170) 
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Colon 

Colonic obstruction may be functional (Hirsch 
sprung s disease mecomum plug syndrome) or cr 
game (congenital anorectal malformations, colon 
atresia) These obstructions are not usually reflected 
in fetal growth disturbances and hydramnios is rare 
Hirschspkunc s DISEASE (aganclionosis) -Full 
term infants with distention bile emesis and initial 
difficulty m passing meconium show the neonatal 
signs of agangbonosis first noted in 1667 by Hirsch 
sprung The nursery records of older children with 
'megacolon usually also reveal this history The di 
agnosis is made in the newborn by relating (be dim 
cal and radiographic findings (Fig 10-171) 

Premature infants rarely have this condition Males 




fjg 10 172 '•Agangiionovs A, Uofit»\ Dioiemw oi »pau»M 
with levoeardia transvarts tiv«r cyanotic heart d aaaaa and a$ 
ptania as wall as agangionosa Autopsy disclosed mairoiated 
right colon This leone ot a very few patients who have had con 
genital anoma lea in add t on to H rsehsprung s disease 8, intra 
venous pyelogram delineates a left hydrouretcr (without reflux 


predominate 4 1 in the usual type which involves the 
low sijmoid and rectum, 75% of cases are of this 
type In another 10~ 15% the entire colon and teimin 
aJ ileum are Involved and there is a greater incidence 
of iaxnily history of the condition and an equal male- 
female ratio The remaining cases involve varying 
lengths of colon, on occasion the entire nudgut and 
colon have been aganglionic 
In the most common form skip areas (alternating 
normal and aganghomc segments) are not present 
despite sporadic reports Thus transition in the mid 
sigmoid ’ means that the entire distal bowel to the 
lowest portion of the rectum lacks ganglion cells This 
disease is usually not associated with other anomalies 
(Fig 10 172 A) although there is a slightly greater 
incidence with 21 tnsomy Gemtouxinary anomabes 
are not usually associated with agangbonosis There 
is no suppon for the concept of aganghomc ureto- 
(Fig 10 172 B) The occasional example a£ a dilated 
ureter probably reflects compression of the ureter by 
the distended colon in utero These ureters have Im 
proved or returned to normal following colostomy 
Imoal plain films taken when the patient first has 


dr infect onj (n t pMient witi agangipnpsis of the low agmoid 
and rectum usually the Intravenoua pyelogram showa no abnof 
malty In agangionosia The posabiity of eompreaaion of the 
ureter by the P stenoed bowel as the cause of f>yd/90/»fer wa$ 
considered egangiipnos $ of the ureter la not an acceptable di 
agnosis to most padiiine patholog sts 


clmical signs of obstruction usually show correspond 
ing patterns of distended loops svlth air fluid levels 
(Fig 10-171 A) The appendix may be an filled and 
distended and m some cases free air occurs second 
aiy to appendiceal or cecal perforation (Fig 10-171 
B) The diagnosis of Hirschsprung s disease can be 
firmly established if banum enema studies are made 
at this time of decompensation ' (Figs 10-173 and 
10 174) The findings, best seen in lateral projection 
include Romaf cafiber of the rectum and lower sig 
moSd colon (Fig 10 174 fl) and diluted proximal sig 
mold and remainder of the colon The dJated loops 
fiDed during the enema correspond to those seen in 
plain films The paradox of Hirschsprung s disease is 
that the dilated portion of the bowel Is normal while 
the normal appearing bowel (rectum) lacks ganglion 
cells This results In sustained spasdc lone in these 
areas with functional bowel obstruction Spastic ir 
regular centour changes are occasionally seen in the 
involved rectum and sigmoid (Fig 10-175) Unfortu 
nately this sign described by Hope and associates 
may be present in normal Infants as a form of spasm 
and absent in some pauents with Hirschsprung t dis- 
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ease Use of a Foley catheter is to be avoided In gener 
al and in particular in the evaluation of Hirsch 
sprung s disease it merely obscures the nonnal call 
ber of the rectum One infant in the Babies Hospital 
senes died of unrecognized colonic perforation by the 
catheter (Fig 10 176) 

Delayed films (especially lateral views) at 24 48 
and even 96 hours after the enema wiD show reten 


non of banum so long as cleansing enemas are not 
given after the banum (Figs 10-173 fl and 10-174 
B) Even some compensated patients maintam this 
valuable evidence of delayed evaeuauon Any paoent 
with colomc distenuon in the newborn penod sho^d 
have a biopsy to exclude Hirschsprung s disease be- 
fore discharge from the nursery Should the pauent 
be compensated (by rectal examination or clean^g 
eneS he may seem normal for weeks months 
e not come to clinical attention until megaco- 

Some do - gf gge jn others trapcal 

enteriohtis appears with foul diar 
ly ® (F,g 10-177) This can be pre- 

S 5 .S, d.ag. 0 ,.. »d a d.,.tfa 2 


until the Infant is old enough to undergo a definitive 
procedure 

The next most common form total colonic and ter 
minal ileal aganghonosis may be difficult to diag 
twse The seventy of the obstructive symptoms does 
not parallel the length of involvement and adults 
have been found with this form of the disease The 
vast m^jonty have died early in life without the cor 
rect diagnosis having been made The plain films 
(depending on the state of compensation ) may 
show varying degrees of distention of small bowel 
origin although this is difficult if not impossible to 
detemune in plam films Banum enema study shows 
a suipnsing picture in the context of such small bow 
el distention the colon looks normal In length and 
caIiber(Fig 10 178 A) In time some patients show a 
shortened appearance of the colon and disappearance 
of the usual redundant sigmoid loop (Fig 10-178 B- 
D) This ‘normal banum enema picture in the sus 
pected case of small bowel obstruction in the new 
bom 1 $ unacceptable and demands search for agan 
glionosis Rectal biopsy will at least show whether the 
basic disease is present although not its proximal 
extent When nothing is found on surgical explora 
tion of the newborn with clinical small towel obstruc 


fig 10 176 — T ag e leihat use ot • Fo ey catheter n agin 
gi cnos $ The cathete both ofiseu as the rectum ( n e d aeaae In 
wh ch 0 egnos s a based on d lereoency In cil ber between ree 
iu<n end s gmo d) and has caused an unreeogn zad perforat on 
(note banum ba ow the a grro d e oss ng the catheter be oon) 
that led to death 
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Ra Lelhal «nt«roeo' » s n agana' one»s » ft a boy 12 tow a gmoiO w th edematoua mutosa ©1 this oang on c bew#' 

days et age whose d agnes a was m $$ed n the mmed ate new that had seve e enie ocol t e nvolvement The f m aecornpan ad 

born pe od Ba um enema (g van e sewhe e du ng a pe od o* the pal ent who was dead on a r va at the hosp lal 

tever foul d arrhea shock] demonstrates d lated Oowe to the 


tion biopsy at the peritoneal reflection or in the rec 
turn should be performed to establish the presence or 
absence of this form of aganghonosis 
Marked sacral deformity m an infant with mecon 
lum and fecal impaction pomts to a neurogenic cause 
rather than aganghonosis (Fig 10 179) Lateral views 
after contrast enema in such patients show fecal dis 
tention down to the puborectabs sling whereas in 
Hirschsprung s disease the dilatation stops above the 
shng with a normal rectum below the distended 
bowel 

Caution is necessary if water soluble enemas are 
used- These may compensate the patient smce they 
act as hydrogogue cathartics and the evacuation may 
be complete and the diagnosis missed The patient 
may thus be discharged as normal only to return 
with enterocolitis and die 
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Meconium eeug syndrome -In 1956 ClaiwortJiy 
and colleagues descnbed a group of mfants with co- 
lomc obstruction sometimes necessitatmg colostomy 
whose condition resembled aganglionic megacolon 
but the colon contained normal ganglion cells Others 
had lesser obstruction and passed a 'plug of sticky 
meconium The term meconium plug syndrome is 
unfortunate because the meconium is normal and the 
patients basically have a functional colonic inertia 
that responds to enemas The diagnosis of meconium 
plug syndrome requires exclusion of cystic fibrosis by 
sweat test and of aganghonosis by rectal biopsy (Fig 
10 I80) The truly obstructed patients with meconium 
plug syndrome have left sided microcolon with 
transverse and nght colonic distention In this the? 
differ from patients with Hirschsprung s disease in 
whom agangliomc bowel looks normal Evacuation 
may be impaired as m Hirschsprung s disease with 
retention of barium at 24 and 48 hours The cause of 
the syndrome is unknown An occasional patient has A 
history of maternal diabetes hypotonia or fetal dis 
tress Several have had areflexia and hypermagne 
semia as a result of magnesium sulfate treatment of 
the mother for toxemia. It has been speculated that 






(m c ocolon wojid t>9 exp > pI jssoc ateiJ neuro- 

ol reuroO astoma (tne e are s) B or a 3-*ieek cM 

“lastoma and ” bar of the 

rfant shows a shO" ® 9^“ /p, ,ne foley ba oon and also 

rr •»",? b“«~P. - = «•“ "■> “■ 


CO on ca ber would be expected and the no mat ba lum enema 
p dura requ res muscle b opsy of rectal or other colon c s tes to 
exclude ogangl onos $ C, example of the value of the Chassard 
Lap ne y ew to demonst ate shorten ng ot the a gmo d Th s Is 
prog ess ve and re ely seen in the neonate a though common in 
infants several weeks or months of age D tor compa son the 
bar urn enema p Cture ot a normal newborn to show the usual 
redundant 8 gmo d (often sw ng ng nto the r ght abdomen) (A 
widD f omBerdoneraf) 
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Fg 10-179 -la an infant wth const pat on banum enania 
Suggested agangl on c megaco on A frontal v ew obscu es the 
change n ea her between rectum and s gmo d the d agrxisi c 
ha Ima k of the usual type of agang one megacoon B nt 3ve- 
hous pye ogram reveals markedly abno mal sacroiti (arrow) and 


abno ma y low pos t on of the nght k dney (ar ow) Such sacral 
and rena anoma es a e most unusual in agangl onos s and 
suggest neurogen c abnorma ty C lateral v ew after banum 
enema shows the a ge rectum down to the levator an s ng (no 
transton) Recta b opsy revealed gang on cells 



Fig 10 ISO -Psaudo H raeh$p ungs 0 s«»« (m«conumpug 
syndrome) n a full term nfant w ih obstruct v« s gns and failure 
to pass meeon um A bar urn enema reveals left s ded m oroco- 
Ion w th 0 lated transverse and r ght colon e 94 hours later 
mueb of the bar um s reta ned ra s ng the guest on of agan 


the relaxing effects of hypermagnesenua on smooth 
muscle may be linked to the meconium plug syndrome 
in these patients 
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Necrotizing enterocolitis —Some infants usu 
ally below 2000 Gm maypresent signs and symptoins 
suggesting either colomc obstruction Cconfused with 
Hirschsprung s disease) or small bowel obstruction 
Reports of appendicitis colitis or ileitis in the new 
bom or spontaneous perforation of the colon de 
scnbe the same group of patients The condition is 
now generally called necrotizing enterocolitis The 
cause IS unknown although It is probably of ischemic 
ongui and related to splanchnic undeiperfusion dur 
mg periods of prenatal or perinatal distress There is a 
high percentage of breech dehvenes There is usually 
a penod of several days of apparent well being then 
apnea blood streaked stools distention and bile eme- 
sis develop Sepsis or volvulus may be suspected in 
others the apneic episodes and illness lead to suspi 
cions of pulmonary or cardiac disease 
plam films (of the chest, if this is the area of cLni 
cal interest) show distention of loops Free ultra 
abdominal gas may be present or appear in follow up 


g ones $ Normal gangl on cells were found both m the rectum 
and a ound the irans i on rone at the splen e f exure The t ny left 
coon wovd be most ra e in agenglonose n whch nvoivtd 
bowel loops appear lo be normal wh e norma bows la d l$tad 
(From Be don el eJ } 


films The nght lower quadrant is commonly the Bite 
of uitramural gas collections either as bubbles or Im 
ear strips This is most ominous and not to beconfused 
with benign 'pneumatosis cystoides mtestinalis 
(Fig 10-18]) Gas may be present in the mtrahepatic 
branches of the portal vein m the form of arborizing 
collections going toward ihe hepauc periphery and 
reflecting portal venous flow (Fig 10-182) This 
should not be confused with the extremely uncom 
mon findmg in the newborn of gas in the biliary tree 
(Fig 10-163) Cas has been demonstrated on a few 
occasions within the bile ducts of infants with duo- 
denal obstruction and an incompetent sphmcter of 
Oddi Biliary gas tends to be centrally located sparing 
the hepatic periphery and reflecting bile flow toward 
the gut Gas m the portal vem is an ominous sign 
when associated with gram negative sepsis and most 
patients die soon Air accidentally introduced into the 
portal vein fay umbilical venous catheters is well tol 
crated 

Some pauents survive this iniual insult without 
surgical exploration and go on to develop small bowel 
obstruction secondary to colonic stncture Review of 
enema studies of these infants during the mitlal 111 
ness (when Hirschsprung a disease was suspected) 
has stown irregular mucosal outline in the area of 
subsequent stncture formation (Fig 10-184 A) Atre- 
sia of the ileum developed in one 6-week-oId patient 
who also had a perirenal abscess from associated sep- 
tic Involvement Another manifestation of colomc 
mvtflvemcnt was a roentgen appearance virtually 


auari^n. * ntramorat bubbles are seen i 

r'* 

a^su oerv fgf>t colon and term nal 

<5ay-old f B frontal and C la 

*) s well seen Gas was also prese 




Fig to (92 —A niahtpate porta ven gas n naeatzng 
ante ocoiiscombneOwtngssI e nvoivamant (nets gas) c 
ntramuralgas) B nt ahapat c portal va n gas plus nl amursi 
dtMdanalgas namongobdwtbdoudana stenosaaod 
phagmonousgaat odupden t a |B courtasyotDr B J Ra ly 
To onto Canada.) C ma tad nt ahepatd portal van gas plus 
s<na bowal d slant on sposlmortsn^rsdegrsphraveaadfrea 
gasduato laaiperio alons (B fromMsknandR ay) 




fig In A. tMium enema demonstrates e 

narrowed proximal transverse colon of a S-day old 
premature infant who nad bile vomiting and was being 
evaluated lor meirotatiort The narrow ares was not noted 
and SIX weeks later small bowel obstruct on developed 
secondary >o stnelure ot the proximal transverse colon as a 
sequel to ischem c col tis B shows a spurious trans tion 
lone at the spienie flexure Simulating eganglione 
megacoton n a premature mf ant Intramural gas jetiows) 
was noted n retrospect after the colon perforated The 
specinven showed neerpt aing enterocol tis w th normal 
gangiionceMs C, n an infant who had survived both 
niramural and portal vein gas (usually a lethal 
comb nat or>> the colon progressively enlarged unt I the 
I2th day of ( fe Preoperative diagnosis was narrowing of 
the splenic t exurs causing prox mal d iatation but surgery 
revealed the entire d fated colon to be necrotic due to 
enterocol bs there was no evidence ot distal obstruction 
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identical to that of Hirschsprung s disease involving 
the splenic flexure (Fig 10-184 fl) The presence of 
mtiamural gas and the low birth weight were against 
the diagnosis of Hu'schsprung s disease although the 
proper diagnosis was not made until after perforation 
and death Toxic dilatation of the Involved colonic 
segments similar to that in older patients with ulcera 
tlve cohds has been seen (Fig 10-184 C) 

Treatment is controversial Free mtra abdominal 
gas is an obvious indication for exploration Reports 
of more aggressive surgery have emphasized clinical 
deterioration as an indication claims have been made 
of higher survival rates with this approach Cecal or 
ileal perforation has been found in a few such patients 
even when free gas was not present 
Although premature infants account for most cases 
of necrotizing enterocolitis In the newborn it should 
not be thought of as a premature or newborn Ulness 
per se Similar radiologic pathologic changes have 
been found m patients with perforation of the colon 
after exchange transfusion and in a large senes of 
older infants with infectious diarrhea, usually due to 
pathogeme Escherichia coli 
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Anorectal maleokmattons (impekforate anus) 
The formerly held concept of imperforate anus is 
attnbutabJe to the pioneer desenpuons of Ladd and 
Gross Actually of their four types only type III In 
eludes the usual paoent with imperforate anus 
Their remaining types were as foUows 


■nieu type I was anal stenosis type II was imperfor 
ate anal membrane a very rare lesion treated by mci 
Sion and type IV was colonic atresia with a normal 
rectum below and dilated bowel above an acquired 
atreuc segment This discussion will center on the pa 
tients with Congenital anorectal malformations in 
which the rectum fails to empty normally mto an ana 
lomically normal anus in the usual site (Fig 10 185) 
At an international pediatnc surgical meeting in 
Melbourne m 1970 a classification was adopted that 
WiU be used here As noted by the participants no 
single classification of these anomalies is ideal Each 
falls short as a pure anatomic embryologic thera 
peutic or prognostic classification We beheve that the 
classification will best serve all of these interests and 
form a basis of common language for these anom 
alies It is presented as a suggested classification for 
international use Three haste groupings emerged 
which classified the patients male and female with 
high uiiermediate or low anomalies based on the re 
lationship of the rectum and anus to the puborectalis 
slmg of the levator am group of pelvic muscles 

1 High (supralevatw) With the bowel above the 
pubor«^alls sling such patients would be severely 
damaged from blind probing of the perineum byutex 
penenced surgeons trying to “reach the rectum Tbe 
colon usually tenninates In the unnary tract in the 
male (rectoposienor urethral fistula rarely rec 
lovesical) or the vagina m the female (rectovaginal 
fistula ) In some females the urethra also opens 
mto the vagina with a narrow common urogenital 
smus and the reciovagmai fistula contnbutmg me* 
comum and feces This combination is tenned the 
cloaca] anomaly The distended vagina filled 
with unne gas and mecomum may reach enormous 
size 

2 Intermediate This less well defined group may 
include the bowel ending m or just below the pubo* 
rectalis slmg There may be a low vagmal fistula m 
the female rarely the male 0as a fistula to the bulbar 
urelbra 

3 Low (translevator) Here the bowel has gone 
through the puborectalis sluig of the levator am 
group Among the anomalies are the anocutaneous 
and the anovulvar fistula. In nearly all cases there is 
visible evidence of meconium leaking from a perineal 
orifice 

This Is a great simplification of the 27 anomalies 
discussed and adopted in the 1970 classification of 
imperforate anus The radiologist should be aware 
that the high and mtermediate groups commonly 
need colostomy This assignment of category must be 
based on the physical findings and not on radiograph 
Ic evidence that the distended bowel is several cent! 
meters from a penny taped to the anus 
The plam films of patients with congemtal anorec 
tal malformations whether Inverted or not most be 
read with knowledge of the sex of the patieqt The 
physician must also take Into considerauon'the re- 
sults of physical examination of the perineum (a 
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turn erKls in the prostate urethra without passing through the 
puborectalis sling Note the urethra passing through the pubour 
ethralis component ot the same sling 

perineal on&ce would automatically put it in a low 
classification) 

Finally, complete wtologic evaluation of all patients 
vnth congenital anorectal malformations should be 
done before discharge from the newborn nursery 
This includes analysis of lumbosacral segmentanon. 
It IS the presence, not necessarily the sesenty, of the 
anomalies that has led to detecaon of urologic aboor 
mahaes, whether structural (nusslng or dysplasoc 
kidneys, ectopia) or funcuonal (reflux, neurogenic 
bladder), or both 

Radiologic findings «n high and intermediate 
anomalies -In the male with no visible penneal 
opening there is usually a fistula Commonly located 
in the posterior urethra (Fig 10-1S6 ) » is responsible 
for evidence in plain films of gas in the bladder (Fig 
10-187, A andB), although with the rarer rectovesic^ 
fistula gas may also be seen in the bladder Lateral 
projections are best for demonstrating this The fistu 
la can also be delmeatedon voidmg cystograms (Fig 
10-167, C and D> #»noth« method after double barrel 
colostomy, Is to inject contrast maienal into the distal 
loop 

Rarely, the male has either no fistula or a fistula to 
the bulbar urethra (Fig 10-187, £) In the latter group 
distal colostomy study shows the bowel to “beak” as U 
goes through the puborectalis slmg and to pass ante- 
norly to enter the bulbar urethra. Smee the bowel is 
below the sling and enters the urethra below the ex 
temal sphmeter, no gas is seen in the bladder m plain 
films of this unusual anorectal malfonnadon 

Of females without visible fistula, 90% have an in 
temal communication between rectum and vagina 
(see Fig 10-185. B) Vesical or urethral fistulas are 
very rare in femmes because of interposition of 
MuUenan structures between rectum and urmary 
tract. The fistula is often large enough so that there 
IS no distention Gas does not collect in the vagina 
without associated outlet stenosis Distal colostomy m 
jechon demonstrates the vaginal fistula (high or lowX 


as does flush injection of the vagina or catheterization 
of the fistula through the vagina Again, the classifica- 
tion of high or intermediate in the female is based on 
absence of a penneal orifice 

Barely, the female has both the rectum (tvitb air 
and mecomum) and the urethra (with urine) entering 
a common cloaca] chamber (see Fig 10 185, B) This 
IS actually a dilated vagma above a narrow common 
urogenital sinus (see p 1556) Vagmal distention by 
air mixed with unne (pneumovagma) can be seen in 
plam films (Fig 10-188) Voiding cystograms show 
the bladder emptying into the vagina, and distal co- 
lostomy injections show contrast matenal from the 
rectum filling the huge vagina 

Radiologic findings in low anomalies (visible pen 
neal orifice) —If a terminal onfice of the colon is visi- 
ble antenor to the nonnal anus, even as a tiny pinhole 
within thickened mldhne penneal tissue, the clinical 
diagnosis should be a low anorectal malformation 
Synonyms include “antenor penneal anus,” “ectopic 
penneal anus” and “covered anus" (see Fig 10-J85, 
B) Since contrast medium injected into this openmg 
must fill the tectum, this procedure is of bttle value to 
the su^eon (Fig 10-189) Obviously plain films of 
such patients in the tnvened position only confuse 
the issue, showing gaps of varying degree related to 
crying, gas content of the rectum and motion up and 
down of the rectum There are fewer lumbosaerd and 
gemtounnary anomalies with the low anomalies, 
with more in the male than in the female Neverfhe 
less full gemtounnary studies should be made, In 
eluding voiding cystography 

Value of inverted films in "imperforate onus’’- 
This has been intenuonally left to the end of the dis* 
cussion because it should be clear that the basic con 
cept has inherent flaws that can be most misleading 
At worst, a high lesion con be mistaken for low if 
crying and increased mtra abdominal pressure cause 
the rectum to descend toward the anal marker (Fig 
10-190) Penneal exploration in such a patient can 
destroy any hope of contmence If the puborectalis 
slmg is damaged or bowel is brought to ihe skin be 
hind the sluig At the other end is the chance of a 
surgeon’s performing an unnecessary colostomy m a 
low anom^y m which there seems to be a gap of sev 
eral centimeters between the anal marker and the 
termination of the rectum (Fig 10-191) Icmaynotbe 
realized that the bowel is through the puborectalis 
slmg and that the ' fistula” is actually the end of the 
rectum m an ectopic location The only treatment 
needed here is dilatation after a cut back to the exter- 
nal sphincter No greater handicap can be induced in 
a child than fecal incontinence because of erroneous 
diagnosis and consequent ill planned surgery for ‘ im 
perforate anus " Any infant without a visible onfice 
should be treated for a high anomaly and only by a 
surgeon knowledgeable In the varieties of anorectal 
malformations 

Colonic duplication —Long tubular duplications 
of part or all of the colon may be complex, combined 



Fkt 10 187— A,trontal and B lateral project ons del neats a 
rectooroslaticfstutaanda f inttis bladder ot a mala infaril with 
lumbar block vertebrae (note the narrowed interspace between 
L 4 and L 5 arid the abrtormid sacrjm) The a are numerous 
lumbar coronal clefts these are n net mesas common In 
males as In females artd are oiten seen in infants w th imperforate 
anus (AandB IromBerdonef al)^ vo ding cystogram 
demonstrates arectoproslalc fistula Note how the rectum 
bulges inlenorly below the level of the fistula This accounts lor 
the spunousty small a stance somet mes seen between rectal 
gas and anal marker In such pat enis although the bowel is 
hghabovethepuborectalis sling D void ng cysiogram 
identifies a rare rectoves oaf fistula In a male infant 
Interposition Of Mullenan structures pract callyexciudesd reel 
f stuhMjs conneebon between rectum and ur nary tract in the 
female ^lateralviewafierinjection via the distal colostomy 
loop shows the eirtremely rare Iranspuborectalis passage of 
the h ndgut Into a fistula to the bulbar urethra The bladder was 
t lied previously result ng in a normal cysiogram 
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fig 10 108 —A. pn«uincpvsgma repieMMt » r (wiiti 
meconium and later fecee) entering a giant vag na 
above the narrow urogenital amus Dnne also fills this 
because of the coexisting urogenital sinus (From 
Berdcn er af ) B, pneumovagma In an infant with 
ascites (probably urine ascites) with a rectovaginal 
and urethrovaginal connection C attempted 
cystogrammapatientwithasingie oritiea tor urine 
and meconium demonstrates the bladder displaced 
anienoiiy by agiantvag na A cl mcally unsuspected 
duodenal obstruct on is present secondary to 
inoperable meconium peritonitis and adnes ons witn 
(etat m dgut volvutus (attows) 
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Fig 10 189 —A, injection ol contrast med um into the per neat 
fistula Is of little help to the surgeon It shows a spurious long 
narrow fistula that is actually contrast med um channelirtg 
through impacted meeon um The fistula is the ectd of the co- 
lon and needs only d latation for cure B demonstrates that the 


rectum has passed through the puborectalis sling and along the 
pelvic perineal floor under the skin to open on the under surface 
Of the penile urethra Usually such a long covered anus seats 
off oncethe normal anorectal opening isestabi Shed (B courtesy 
Or H S Goldman NYC) 


Fig 10 190 -H gh anomaly (rectourethrai fistula) In an infant 
who also had esophagail atresia and d stal f sfufa There was no 
parineal orifice A, lateral inverted plain film shows thick presa 
cral space dua to impacted mecomum Qas terminates almost 5 
cm above the anal sk n The lateral sacral segment is stubby 
Transparineel inject on shows rise (B) and descent (C) of the rec 
turn with contraction and relaxation of the puboreetaks muscle 


The bowel ended above this muade e mg in a fistula to the proa 
labc urethra ff fhe picture in O showing the bowel descended 
were taken to md cate the true fixed end of the rectum near* 
the enat skin and the rectum was then approached surgically 
from below permanent damage to the puborectalis could result 
m hfeong fecal incontinence (Figs 10-190 and 10 191 from 
Berdon e( ef ) 
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with duplicated bladder or gemtaba In some cases 
there are two anal orihces In others one rectum ends 
blindly and is evident as an obstructing meconium 
and feces filled mass Occasionally the dupbcated 
rectum ends as a fistula to the prostatlc urethra 
(Fig 10 192) 

Anal stsnoszi —Considered as type I imperforate 
anus in the Ladd and Gross classification anal steno- 
sis IS not really Imperforate anus since the rectum 
ends by joining a normally placed anus Some pa 


bents also have antenor sacral meningocele and li 
poma. The usual case Is never seen by the pediatnc 
surgeon since the initial problem inability to pass 
mecomum is inadvertently treated This is accom 
plished by the mere talung of rectal temperature or by 
debberate distal dilatation (Fig 10-193} 

Cotomc ATTtEstA -Although formerly classified in 
imperforate anus type IV patients with colonic atre- 
sia actually have a rectum below and dilated colon 
above an area of atresia. The distal segment contains 
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P g 10 194 -Colon e atresia A huge gas i lied loop rep'^ 
eents the s gmo d colon v* th m croco on of me rectum a''^ 
dslal sgmod Lanugo squamous epihelal cels and b's 
eta ned mecon un tn the d atai Bcwet M cated met me coW" 
had once been patent Rad og aph cai y m s could be conlus^ 
w ih mecon um ileus t t was assumed that the m crocoion was 
ncomp elely > lied 

lanugo bile salts and swallowed squamous cells in<^i 
eating that there had been an intact fetal colon wdU 
beyond the embryologic disturbances discussed 
her 

Colonic atresia is rare and therefore js seldom 
thought of in an infant with intestinal obstruction 
The most espenenced radiologist may miss it Plain 
films show distention resembling either small bowel 
obstruction (from meconium ileus) or colonic obsinic 
non as m Hirschsprung s disease Barium enenP^ 
reveals a microcolon to the pomt of obstruction 
there is a tendency to consider the bowel incomplete 
ly filled and thus to render an erroneous diagnosis of 
mecomum Deus or ileal atresia not realizmg that lb® 
ennre distal colon has been opacified (Fig 10 194) 
Reported senes although small show a poor survival 
rate reflecting delays in diagnosis 

references 

Berdon W E et at Associatign of lumbosacral spine 
eenitounnary anomalies in imperforate anus Am J 
Roentgenol 96 161 1966 

et at Rad ographic evaluation of imperforaie an*** 

An approach correlated with current surgical concept* 
Radiology 90 466 1968 

Erskine J M Colomc stenosis of the newborn J Pedl®*- 
Surg S 32J 1970 

Cans S L. Classification of anorectal anomalies i Ped " 
Surg 5 511 1970 (editorial) . 

Louw J H Congenital Abnormalities of the Rectum a«* 


Anns (Current Problems m Surgery) (Chicago Year Boole 
Medical Publishers Inc May 1965) 

Ravitth M M Duplications of the Alimentary Canal in 
Mustard W T et al (ed ) Pediatnc Surgery (2nd ed 
Chicago Year Book Medical Publishers Inc 1969) 

Rudhe U Roentgenologic examination of anal and rectal 
anomalies In the nenbom male infant Ann radiol 11 
429 1^ 

Santulb T V Malformations of the Arms and Rectum in 
Alustard W T et al (ed ) Pediatnc Surgery (2nd ed 
Chicago Year Book Medical Pubbsfaers Inc 1969) 

et al Anorectal anomalies A suggested uiiemaoonal 

classification J Pediat Surg 5 281 1970 
Shopfner C E Roentgenographic demonstration of the 
ectopic anus ** Radiology 84 464 1965 


Gallbladder Bile Ducts Liver 

Neonatal jaundice liver damage and biliary 
ATRESIA —Infants with jaundice biopsy evidence of 
liver damage and surgical diagnosis of extrahepatic 
bibary atresia may actually have acquired ischemic 
or inflammatory fetal damage to the bile ducts with 
subsequent failure of these structures to grow Tiny 
ducts may be found at autopsy in the porta hepatis of 
such pauents after exploratory laparotomy bad failed 
to disclose any extrahepatic bfle ducts This is a tragic 
condition because there is increasing evidence that 
even careful surgical dissection fuilher destroys the 
blood supply to any ducts that may be present and 
converts a bad situation to a hopeless one The usual 
story IS of an mfant with jaundice persisting beyond 
the newborn penod whose liver biopsy and function 
tests have not been suiflcient to diagnose medical 
disease (neonatal hepatius giant cell hepatius and 
so on) Since obstrucuon cannot be excluded laparot 
omy is performed to alloiv open liver biopsy and oper 
ating room cholangiography 

There is usually no bile in the gallbladder (this 
must be known if the radiologist is to interpret the 
cholangiogram mtelligently) and the gallbladder 
leads to a tiny cystic and distal common bile duct 
with filling of the duodenum No contrast agent Is 
present in the intrahepatic branches of the biliary 
tree (Fig 10-195) There is no surgical help for these 
patients who account for almost all cases of extrahe- 
patic bibary atresia 

A few patients liave bile in the gallbladder and 
evidence on cholangiography of filling of the gallbtad 
der cystic duct and intrahepatic biliary tree the dis 
tal common bile duct and duodenum do not fill This 
group occasionally benefits from anastomosis of 
small bowel to the gallbladder (Fig 10-196) Some 
patients suspected of having obstrucuve jaundice 
have bile m the gallbladder ivhich with the Cystic 
and common biie ducts fills on cholangiography 
Thus there Is no evidence of anatomic obstruction 
when the clinical and x ray findings are combined 
These patients hate been thought to have biliary 
sludge syndrome neonatal hepatitis and so on (Fig 
10-197) 

Congenital biliaby bronchial fistula -A true 
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Fig 10 19S (l•fl) -Typ cal p Ctur* o< •xtrahepat c blary atr»> aryatrasla n th» operat va chp ang ogram 8 a spasentintha 
ala n tht oparat ve eholanglog am No b la la preaeni in iha ga l gallbladder eontraal mao urn fa la to f II a common b a Oust or 

bladde Contrast malar al leads from the gal b adder tbrougb the to enter tr>e duodenum but does pass retrograde to f i b zarra 

t ny cyst e end common b e duets to the duodenum no ini a al ghUy d latad nt anepat e duels Anasiomos s was poss bla ba- 

hepat Ob e ducts are v s bie tween the patent po ton of tbe ext ahepat c b I ary tree and the 

Fig 10 196 (right) -Rare remed ab a type ol ext anepat c b I smallbowei 


Fig 10 197 -A operat va eholang ogram shows ble n the spnineier of Odd shows sudden mass ve ret og ade f ng ol 

ga bladder Contrast mad urn t lla the cyst e and common b e normal int ahepat c ducts prov rg that a presumed surg eal 

duets and duodenum A t ny amount flows retrog ade nto the cause ol taur>d ee was mad eel I ver d sease 

r ght and left hapat e ducts B on temporary pressure on tne 


GastromtesttnalTTact—GallbladdeT Bile Ducts Liver I 1533 



Fig 10 198 -Congen talb I ary bronch alf stuia B ortcbogram 
showa both t ght and l«ft major bronch (AMS LMB) outi rted 
wthgoodf ng otalargafstulous t act (f) to the ielt fob* of the 
twSftcelhe tatula » really the b le dra nageot that pon on 
of the I ver it causes b I« pneumon t s Ugat ort of the i stuia re 
suited n atrophy in the port on ol the I ver dra ned by t C car na 
E esophagus (Courtesy of Dr B Q rdany P ttsburgh Pa.) 

anomaly exists in the biliary tree in the rare iofant 
with a congenital biliary bronchial fistula. Clinical 
signs and symptoms include recurring respiratory 
infections with bile-tinged sputum or hemoptysis 
Bronchography shows the fistula commumcaimg 
with the bronchial tree in or around the canna (Fig 
10-198) Surgery is directed to thoracic Lgation of the 
fistula. These fistulas in some cases represent an 
anomalous duct that drams its portion of the bvcr 
Ligation stops the flow of imtating bile into the lung 
at the expense of some shnnkage of the mvolved lobe 
This IS said to be an example of defective foregut 
differentiation between upper gastiomtestinal tract 
biliary tree and bronchial tree 
Liver masses —Diagnostic studies of the neonate 
with liver disturbances should mclude plain films to 
search for calcification and for estimation of hvet 
size Radioisotope scanning with technetium and to- 
tal body opacification durmg mtravenous pyelography 
are used to visualize liver substance A gastromtes 
tlnal senes is occasionally useful in demonstrating 


displacement by hepatic masses Both umbilical aor 
tography and venography are possible and easy to 
perform in the newborn and frequently yield valuable 
information Ultrasonography may separate solid and 
cystic masses 

The liver may be mvolved with tumors ui the new 
bom (or fetus) which include malignant hepatomas 
hemangiomas (giant or multiple) and hamartomas 
The hemangioma is of cntical interest because of the 
possible association of massive arteriovenous shunt 
ing and congestive heart failure If giant and localized 
resection is possible Calcification may be present 
The diagnosis is based on the total body opacification 
phase of mtravenous pyelography that shows lakes of 
contrast agent surroundmg cystic and avascular ar 
eas (Fig 10-199 A and B) The areas of mvolvement 
can be further studied by umbilical aortography (Fig 
10 199 C and D) and the normal liver tissue oudmed 
by eitherliver scannmgorumbilical venography (Fig 
10 199 E) Some hepatic hemangiomas are associ 
ated with platelet trapping severe thrombocytopenia 
and bleeding others rupture into the pentoneal cavi 
ty Beiugn hepatic hamartomas and malignant hepato- 
blastomas are rare m the newborn both may ap 
pear to be hypervascular on arteriography Specific 
diagnosis requiies microscopic examination It should 
be realized that massive left hepatic enlargement by 
such masses can displace the stomach medially 
mimicking splenomegaly (Fig 10 200 A) lateral 
views sbowmg postenor gastnc displacement help to 
define their hepatic nature (Fig 10200 B) 

Other causes of hepatomegaly mclude diffuse met 
astadc neuroblastoma in which calcification may be 
present Here hvcr scanmng shows marked hetero- 
geneity Storage diseases are usually diagnosed later 
m infancy and are discussed elsewhere as are lym 
pboma and leukemia 

Hepatic calcification without masses or en 
LARCEMENT — Calcifications are occasionally seen in 
the newborns liver particularly m the subcapsular 
segment of the left lobe (Fig 10-201) They are mani 
festations of calcified portal vein thrombi Most pa 
bents are premature and these calcifications are 
seen more commonly m stillboms This is another 
cause of abdominal calcification in the neonate that 
can be confused with mecomum pentonitis 

Ascites —Ascites have many causes As mentioned 
in the genitounnary section that follows rupture of 
bladder and ureters or kidney can cause urinary as 
cites In this discussion of gastrointestinal causes^f 
neonatal ascites pnmary attention is directed to ex 
elusion of bowel and colonic perforation 

Chylous ascites m the newborn may be due to intes 
Unal lymphatic obstruction (Fig 10-202) The fluid is 
clear at birth but turns milky as the usual diet of the 
newborn is given ivith its high content of long-chain 
tnglycendes These are absorbed into the intestinal 
lymphatic system and any block can cause lacteal 
distention local rupture (with mesenteric cysts) or 



Fig 10 199 -Giant right hepai c hemang oma Midatolage 
this infant w th a r ght upper quadrant mass was g ven a clinical 
d agnosis of neuroblastoma A total body opao f cation phase of 
the intravenous pye ogram shows lucent areas in the r ght he- 
pat 0 lobe surrounded by hypervascular areas Lakes of contrast 
med um pars sted for several minutes B excretory phase of the 
rnfravertous pielogram shows normal kidneys and dagnosis 


was a vascular hepat c tumor probably hemangioma C,transum 
bilical sortogram arterial phase shows the right lobe I lied w th 
irregular d lated hepatic artery feeders to a hemang oma 0 cap 
illary and venous phase del neates large dram ng hepat c ve n 
and large s nuso dal spaces pool ng contrast agent around cen 
tralcysbcandneoroicareas [Contnued) 



R8 to 199 <conl.) -£ tranwmb I c»' ’'^no^ram shovn not 
mal left portal branch ng (left) arid hepatogram oaf n ng the 
I m ts of un nvolved hepat e t ssue (rigitt) Heart la lure de- 


Fig 10-200 -Hamartoma of the left loOe of the i ver s moiat 
Ing splenomegaly In A me left upper fluadrant mass dsp'aces 
the stomach meo ally AOsenee of abno mal ty n fhe nl avenoos 
pyelogram excluded renal or adrenal tumor as the cause 8 tat 


ve oped (hat was cured by right hepat c resect on (from Berdoh 
eiai) 


erai 1 m $ho«vs the mass to be ent rely entenor to the stomaPft 
thus exciud ng the sp een The left hepat c fobe was total y re- 
placed by a huge ben gn hamartoma surg cal exe s on on tlte 
3rd day Of I tewas cu at ve 








n cMous ascit«s th# lymphaiv 

g ogratn shows striking abnormaiitiss with partial petwe miei 
oostruction and retropentonsal extravasation on the left into tha 
pemoneai cavity and possibly the small bowel lumert (Courtesy 
ofDr C E Craven Galveston Tex) 


free rupture (with chylous ascites) Protein losing 
enteropathy may be present The ascitic fluid may 
have suflicient fat content to appear lucent where 
compared to the hver density Repeated paracentesis 
and a diet nch m medium chain tnglycendes (which 
u^ze the portal venous absorptive route) dimimsh 
uie protein loss that would otherwise occur Many 
surgeons explore such patients in a search for me- 
chanical obstruction as by plaques of mecomum pen 
tomtis or adhesions from congemtal or inflammatory 
causes 

Ascites due to extrahepatic bihary perforation is 
rare but important m diagnosis since bile peritonitis 
can lead to extensive adhesions Although sQictures 
are sought to explain this some cases appear to be 
s^ntaneous (Fig 10-203) Some surgical discussion 
0 the pathogenesis of choledochal cyst has related it 
o a walled off perforation of the bile ducts mth the 
c osed space in continuity with the bile duct forming 
c ^st Liver disease and portal hypertension can 
so lead to ascites Even ascites with diffuse cirrhosis 


A.”? <0 203 -Spontaneous bie pertonitis in the newborn 
P»facenfesis revealed 
b lioos flwd Cholang ography during exploratory laparotomy 
f'Ohobstrucled b le duets The pat ent 
recovered following dra nage ^ 


Rg 10 2M -Presumed in uteroliverdamagecausingiaundieo 

and portal hypertension in a newborn (who later had ascites) 
Sprenoportogram shows no evidence of Intrahepatic portal 
vein branches othei than the small channel m the area of the 
ductus venosus There was massive hepatofugal f lling of gas 
tnc and esophageal varices with mediastinal venous return to 
azygos system 
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Fig 10 20S — Hemoper toneum tn a hydrop C newborn m IhRh 
ncorrpat b I ty A sup ne I Im shows asc tes secondary to rupture 
o> the spleen The spleen can rupture sponianeously rt in s d s 
ease although n th s nfant the ntrauter ne t ansfos on needle 
caused the rupture Arrows Ind cate I ps O* umb I cal ve n (upper 
arrow) and umb I cal artery (lower arrow) catheters 

has been present at birth secondary to fetal mfecQoo 
(both toxoplasmosis and rubella) (Fig 10-204) Medi 
cal causes of ascites related to liver disease in the 


newborn mclude syphibs cytomegalic disease and 
hydrops fetalis all of which may be manifested by 
massive ascites Some such patients have had bloody 
ascites secondary to rupture of the enlarged spleen 
or hver associated with the hydrops (Fig 10-205) 
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The Genitourinary Tract 


The human kidneys function in utero from about 14 
weeks on, their output contributes sigmficantl; to 
amniobc volume The placenta acts as a kidney and re* 
moves most fetal nitrogenous waste products Bmb ts 
a change of degree in this biologic system that is im 
portant in utero to normal fetal growth and survival 
and whose integnty is essential for extrautenne life 
The following discussion of geutounnary abnor 
mahties in the newborn will stress those whose recog 
nition in the first weeks of life leads to proper therapy 
and salvage oC renal function No attempt is made to 
review all the anomalies of form and position of the 
kidney since these are commonly not encounteted 
until later in life and are well covered in Section 6 
The current controversy regarding the mtenwuung 
roles of infection, vesicoureteral reflux and obstruc 
Qon in the urinary tract is approached with caunon 
The relative safety of modem uroradiologic mvesu 
gative procedures, even in newborn and premature 
infants, has allowed many observations to be made 
that have solved some renal problems that would 
have caused death in previous years 
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Renal Function in Fetus and Newborn 
Embeyologic detects —If the kidneys fail to de- 
velop m utero and they do not contnbute adequate 
fetal unne to the ammotic volume, oligohydramnios 
occurs When this is marked, there Is almost always 
coexistent pulmonary hypoplasia. This has been not 
ed m stiUboms and newborns dying of bilateral poly 
cystic disease, in those with severe fetal obstructive 


uropathy from postenor urethral valves and nearly 
always in those with renal agenesis The less the 
anuuoac volume, the more abnormal the fetus "Hie 
facies IS often charactenzed by flattened ears, reced 
ing cbm. depressed nose, and the elderly, wizened 
appearance termed Potter’s facies (Fig 10-206) Not 
every infant with severe lethal renal malformations 
has such facies The hands may seem unduly large 
There Is a high incidence of club feet as well These 
are called oligohydramnios deformities The hypo- 
plastic lungs are stiff, neonatal respiratory distress is 
common, with interstitial pulmonary emphysema, 
pneumomediastinum and pneumothorax (Fig 10- 
207) Infants with such signs of airblock (and lack of 
adequate history of meconium aspirauon, depression 
at birth or respiratory distress syndrome) should be 
evaluated ui terms of senous urologic malformations 
The presence of one unaffected kidney (so chat fetal 
unne output is adequate) prevents the sequence of 
oligohydramnios deformities, including Potter's fa 

Cuiranno has shown that in some cases of renal 
agenesis plain films reveal a very small pelvic bony 
outlet Proof that this is not invariably so is the find 
uig of an identical small bony pelvic outlet in an in 
fant with virtual sacral agenesis, neurogenic bladder 
of tiny capacity and normal kidneys (Fig 10-208) 
The small pelvic outlet nevertheless Is worth looking 
for especially when there is also pneumomediastmum 
(Fig 10 ^7, B) 

Radiocbaphic visualization of the fetal uri 
NARY TRACT —It IS not yet possible to perform excreto- 
ry pyelography on fetuses The amount of absorption 
through the fetal gastrointestinal tract of the tn iodin 
ated uiogiaphic compounds used for amniograpby 
does not permit visualization of the feta] kidneys 
Accidental direct puncture of the kidney during at 
tempted fetal transfusion (as for erythroblastosis fe- 
talis) has allowed good visualization of ureter and 
bladder (Fig 10-209) This indicates that the func- 
tioning kidney can pass the compounds via glomeru 
lar filtration Into the fetal collecting system The fu 
ture possibility 1$ not far fetched that by radiographic 
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rg 10 207 A b lateral renal «g«nes 1 the spec men provo ng 
pathalog c evidence of emphysema of the med asl num and subp eurai 
extensonintoihed aphragm B umb i calaortogramoian ntaniwtn 
renal agenes a Notepneumpmed ast num and the sma i pe vc out et 
No renal arter es are seen n tn a anur c newborn a conf rmaiory $ gn ot 
renal agenes a (Courtesy of Or H J Kaufmann Basel Swueiand) 


Fig 10-208 — T ny pelv c bony outlet n an nfant w th » rloal neys nd cat ng that s J 

absence of sacrum and neurogen c bladder A cystog am shows small bladder from any i 

the t ny bladder B intravenous pyelogram shows no ma k d 
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Pig 10 209 -U ograph ev auat zat on of fatal k dney fo owng 
ace dental puncture of tne k dney dur ng intraute n« tranafua cn 
Calycea ureter and bladder a e we I seen preaumabiy ow ng to 
the h gher doae njecled d rect y nio the k dney (Courieay of 
D a. A T Fort and W R gga Memph a Tann ) 

or other methoda (poasibly ultrasound) fetal gemtoun 
nary malformations may one day be detected and 
diverted by fetal surgical procedures with mamte- 
nance of pregnancy until fetal maturation is com 
paable with extrautenne survival 
iilKrravfiWivfK'svaKCCKitrcsfen'^aKA'mKKKf — TSw 
bladder at birth may contain /i I /j oz of dilute 
unne Although most newborns vo d In the first bouts 
an occasional infant requires a day or more before 
begmnmg uruiation This Is worrisome and has led to 
radiographic studies Cystograms have shown exag 
gerated trabeculauon (Fig 10-210) resemblmgthat of 
a neurogenic bladder in an older patient Since the 
newborn has a neurogenic bladder in that he has re- 
tention and periodic incontinence this p aure Is not 
surprising Further there is no reason why all vital 
sphmcters should work normally at birth Certainly 
swallowmg and defecation can be disordered in some 
infants for days or longer 
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Uroradiolog c Procedures 

Intravenous pyelociuphy —More accurately 
called excretory urography this is the basic radiologic 
diagnostic procedure m the newborn the child and 
adult Problems of visualization of even normal kid 
neys ui the newborn are related to the matunng kidney 
and Its total effective glomerular filtration of contrast 
agent and tubular reabsorpuon of water The trf 
lodinated contrast mediums ate handled at least in 
terms of radiographic visualization totally by glomer 
ular filtration The dose used in most pediatnc centers 
IS 3cc/kg of the 50 60% sodium or meglumine agents 

Fig 10210 Rsd elog e bladder stud es In s nswbom mas 
who d d not VO d lor me e than 72 hours Upper traels we s 
no mat on int svenous pyelog aphy The cystog am (done v a 
sup apub c route) shows exaggerated b edder base i regulirl 
t «s du ng VO d ng The prom nent poste or bar st tne level of 
the bladder neck sseen nnomal ntents The b adder neck was 
resected andthepathoiogereportwasno mil bladder neck. 
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Rg 10 S11 -int avenous pye ogram w tn pal ent p one Th $ 
pos I on 9h fta gas away from 1^'a k <jneys ano al ows better * l 
ng of the renal pelv s anO u ate s The left k oney » no ma y 
lows than the tight kdney n such f ims of many nfants 

or 10 cc for a full term newborn Infants of low bmh 
weight are given 6 S cc some uisutuaons use as 
much as 5 cc/kg for all newborns with strikingly few 
lU effects 

Despite these large amounts equal to 200 cc in an 
adult it IS not uncommon to fail to obtam adequate 


delineation of calyces or ureter m newborns studied 
on the 1st or 2nd day of life whose follow up intrave- 
nous pyelograms at the age of 1 week show no abnor 
mality This is poorly understood and the loose terms 
glomerulotubular imbalance and “need for renal 
maturation cover rather than explain the finding 
The clinical import is that screening or elective pye- 
lography should be deferred until age 1 or 2 weeks 
Obviously emergency pyelography is performed as 
needed 

The usual dose is safe when iiyected intravenously 
and not rapidly 90 120 seconds is a typical time for 
ipjecnon through a no 23 scalp vein needle Dehy 
dratton ts avoided The dose used is a sigruficant 
osmotic diurenc in such small infants and early (first 
lO minutes) films commonly show a dilute shghtly 
dilated collecting system and a large bladder filled 
vntb low density contrast agent The infant frequent 
ly voids and films at 1 hour show better opacification 
of the upper tracts that have lost their shght dilata 
non thanks to the brisk early diuresis) The improved 
detail ui late films is not specific to the newborn peii 
od the same phenomenon is seen in adults given x 
cc/Ib of 90% contrast agent for nephrotomography It 
IS prunaniy dose-related with the diuresis fading 
even though the blood levels of contrast agent are not 
dimuushed to 50% for 45 60 minutes 

There seems to be a theoretical and perhaps shght 
clinical supenonty of sodium over meglumine agents 
in terms of visualization. Benaess ui azumal studies 
showed that this may be due to greater milligrams of 
iodine pet cubic centimeter of unne for the sodium 
salts than for an equal dose of the meglumine com 
pounds This might refiect renal sodium (and water) 
absorpoon with the sodium compounds while the 
meglumine agents pass pulling water vnih them 
resulting m more dilute less opaque urine Though 
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FI9 10 21a -A dysmorph c sacrum napatentwm mpe 
farale arvus T^« pat ent had neuro9en c bladde ar>cl severe 
gen tou nary meet on deep te presence of mo e than two sacra 
segments ( nd cat ng that p esence rathe than sever ly of sacral 
defects s related to gen tour nary abnormal t e$) 8 laieraivew 

proved In the laboratory animal these differences are 
not great enough to warrant a specific recommenda 
tion of sodium compounds and rejection of meglu 
mine agents 

Prone positioning offers many advantages over su 
pine (Fig 10 211) These mclude displacement of ob> 
Bcunng small bowel gas and better filling of renal 
pelvis and ureter t Supplemental use of an inflated 
pneumatic paddlf (Nogrady technic) beneath the 
prone infant a abdomen further aids in visualization 
Gas Insufflation of the supine infant s stomach by 
tube or with carbonated beverage may reveal part of 
the left kidney but accidental eructation or passage 
of gas into the small bowel frequently negates its 
value ^ 

The infant s bladderinay show signs of extrapenlo- 
neal hermation in the form of unilateral or bUaieral 
bladder ears (Fig 10-212) Its significance relates 
to the coexistence in some infants of an ingiimal her 
nia Resection of part of the bladder at the time of 
herniorrhaphy can be tragic 

The lumbar spine and sacrum should be carefully 
examined since apparent primary uroiogic distur- 
bances may be related to neurogenic deficit the dys 
morphic or partly formed sacrum may be a clue (Fig 
10-213 and see discussion of imperforate anus on p 
1524) 

Cystography —Voiding cystography is the pre- 
ferred term since the study is meomplefe without 
films dunng voiding for determmation of vesicoure- 
teral reflux and possible urethral obstruction Ure 
thral cathetenzauon is theusual method of Instillation 
though suprapubic puncture or intravenous pyelogra 
phy to fill the bladder has Its advocates In the new 
bom Foley catheters of small enough size may not be 



of a patent wtn rectourethral fstula (note gas In the bladder) 
and mpe forate anus The S 4 and SS segments a e fused and 
stubby indcatng sgnfcant sacra defect Tha s eas y ob- 
scu edbyfecssand 3 r nfronta v ews (F om Berdon etai) 


available no 5 or no 8 nasogastnc tubes can be used 
although they frequently fall out or the infants void 
around them Contrast agents used for intravenous 
pyelography are the preferred opaque compounds 
diluted by 3 to 4 parts of 5% glucose/water since they 
are so opaque The use of agents now discarded for 
Intravenous administration (such as sodium acetn 

Fig 10314 Inan nfant refs red w th d sgnos s of left urctsr 
ope V e obstruct on the e s d atat on of the left renal pe v a sec- 
ondary to t> lateral maw va reflux w thout d stal obstruct on Tha 
tell It dney shows nte st t at rellux of contrast mate al to the fur 
face of the k dney 
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Hg 10-315 -R«trograd9 pyelogram ot an Ififam *»m rghi 
ranal v« n thrombos s there was no excret on on tntravenous 
pyelography The calyces in the en arged nfarcieO k dney are 
stretched 

zoate) has bees cnucized because of their irritating 
effects and a slight potential danger if large amounts 
are Intravasated. Anobiocics such as neomycin 
should not be added massive vesicoureteral reflux 
can lead to an intravasacion of urme and contrast 


agent into the kidney parenchyma (Fig 10-214) and 
neomycin in such situations has led to autonomic 
blockade and respiratory arrest vrith death narrowly 
averted 

A minimal study includes films of the bladder with 
a small volume with a full volume (determined by 
onset of voiding or suprapubic palpation of the en 
laiging bladder) and films during and after voiding 
The choice of 70 or 90 mm spot films conventional 
spot films television tape recordmg or cine or over 
head films is usually determined by the preference of 
an individual mstitution or radiologist Overhead 
films give the greatest anatomic detail whereas cine 
studies give the greatest exposure 

IVe helicve that vesical reflux into the ureter or fad 
ney is always abnormal though this has never been 
proved lannoccone felt that occasionally as a ‘para 
physiologic phenomenon a transient reflux can oc 
cur VVhat has become clear is that reflux per se may 
not harm the kidney if not massive and if mfecuon is 
eradicated 

Miscellaneous studies -Retrograde pyelogra 
phy IS difficult to perfonn xn the male neonate for 
technical reasons although skilled urologists have 
used It It IS of value when a kidney is not visualized 
(Fig 10215) as in massive renal vein thrombosis or 
when the site of obstrucoon m a hydronephrotic kid 
ney cannot be determined by intravenous pyelogra 
phy or voiding cystography 

Antegrade pyelography (translumbar approach) is 
accomphshed by percutaneous puncture of a hydro- 


Rg 10-218 -Translumbar antegrade pyeog aphy A nan whose ea ler ^flides 0 0 not vsiAlte tne left upper renal eo( 

ntam w in a hydronephrot c lelt k Oney man lasteO as a Wank tect ng system but showed en ntraves cal lucent mass 0 reel 

mass no reflux was noted In the vo 0 ng cysfogram and the ie« puncture of the lelt upper po e demonstrates hydrourete o- 

ureterwas not seen inthe ntravenous pyelogram Theantegiade nephrosis lead fig to part ally obsi uctedu eteroeee wNChpartly 

pyelog am del neates the I ny lelt ureter prov ng the ureie Opel co lapsed at the t me ol Study (6 courtesy of Dr P F Borns 
vic 8 te ot obstruct on Surgery neluded pye optasTy wth sahrege PhtaOept'S) 
of k dney B and C In an infant w th left eclop c ureie occ e 
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nephrotic renal pelvis and is facilitated by image In 
tensified fluoroscopy The 50-60% urogxaphie medi 
uBi IS hand injected mthout undue pressure and 
films are obtained Ureteropelvic obstruction (Fig 10- 
216, A) can be studied with visualization of the tmy 
proximal ureter, in renal duphcation with ectopic 
ureterocele, direct injection into the nonfuncdoning 
dilated upper pole delineates filhng of the ureter and 
Its terminal dilated segment (Fig 10-216, B and C) 
TranstUuminattoti and ultrasound can both be 
used to determine whether masses are fluid filled or 
solid (Fig 10-217) Both have the advantage of “going 
to the patient” and of safety 
Isotopic scanning had rather limited value from 
the static scans performed with radioactive mercuiy 
(Chlormerodnn), which allowed tubular fixation and 
demonstration of filling defects and the like The 
newer more rapidly excreted mediums combined iviih 
rapid recording (as with the Anger camera or similar 
scanning devices) allow visualization of ureters and 
evaluation of the degree of obstrucuon in a dilated 
system For example, technetium DTPA scanmng in 
a “prune faelJy” infant (Fig 10-218) showed rapid 
nonobstructive activity m the dilated ureters Tlus 
procedure has promise and could be used when lodi 
nated contrast agents are contraindicated At present 
these studies are being used in conjuncuon mth 
rather than in place of, contrast studies 
UMBiucAt angiography -Aortography via the 
umbilical artery is valuable in studying newborns 
With renal malformations Aortography should /ollou' 
adequate dose pyelography since the latter s 10 cc 
dose provides detail not available with the 1 cc/kg 
dose of the aonogram The two dose schemes should 
uot be confused, rapid injecuen of 10 cc through an 
umbilical catheter could be dangerous 
Neonatal anuna and azotemia are indications for 
renal artery visualization by aortography Kaufmann 
studying a newborn group, concluded that the renal 
artery always can be seen and that failure to visual 
tze it in cases of anuna and azotemia is most mean 
ingful and strongly suggests renal agenesis (see Fig 
10-207, B) It IS conceivable, however, that the supine 
position could allow streaming and layering of con 
trast medium with spurious nonvisuahzation of the 
renal artenes when they were actually present 
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Genitourinary Causes of Abdominal Masses 

It hjts been amply demonstrated m large reviews, 
such as Gnscom’s, of abdominal masses in the neon 
ate, that genitourinary abnormalities account for at 
least one-half of such masses For this reason, if no 
other, the screening examination m any newborn 
with a mass must include intravenous pyelography if 
the plain films fail to show gas filled bowel as the 
cause of the mass Total body opacification is thus 
available to outhne the opacified blood content of the 
mass while the excretory films show whether the kid- 
ney IS involved 

Hydronephrosis (usually due to ureteropelvic ob- 
struction) and unilateral multicystic disease account 
for most abdominal masses of gemtounnazy ongui 
Less common genitounnary causes mclude tumors of 
the adrenal or kidney, renal vein thrombosis with 
renal infarction and retropentoneal teratomas and 
hygromas Even penrenal and retropentoneal ab- 
scesses may occur in the neonatal period as compbea 
Cions of sepsis Thus the common and uncommon 
mav be encountered in the study of a newborn mth a 
mass m the abdomen and pelvis Radiographic diag 
nosis IS usually correct since the majority of masses 
in the unnary tract are either hydronephrotic or mul 
ticystic kidneys 


Hydronephrosis 

Relation or ohinaky tract infection and be 
SLUX- -In general, the older child vnth hydronephrosis 
(pyelectasis and caliectasis) has both infection and 
vesicoureteral reflux, the hydronephrosis Is not due to 
organic obstruction The dilating effects of reflux and 
endotoxio on ureteral smooth muscle (hypotonia) 
respond to medical management of the infection 
without need for surgical rehef of "obstruction ” 

In the newborn, however, obstruction may exist 
without infection. The following discussion will focus 
on those reparable causes of obstruction seen early in 
life before mfection supervenes If the hydronephrot 
1C kidneys are not infected early, they will become so 
later, once foreign bodies such as nephrostomy or cys- 
tostomy catheters are left m place 
The Tide of prenatal infection In the pathogenesis of 
such "obstTucUon” Is difficult to prove However, 
there seems to be definite evidence of organic prena- 
tal obstrucuon in such lesions as renal dysplasia ac 
companyuig ureteropelvic stenosis, ectopic uretero- 
celes and urethral valves. Senous disease of the uri- 
nary tract in the newborn may be hidden by seeming 
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Fij 10 219 -Hyar»r,tphre*i$ man teateO »$alank mass In 
a newDo n nfant A total Body opac f cat on aHect n the 1 
in rvjte > lot of the nt avenoua pyalogram v sue zea the lucent 
renal peiv* that conta na unopae ted ur ne S atlOmnutes 
de neatescreacents{arro«»a) nd atedco ect ng tubu ea that 
have been d stended and tu ned 90* so that they para e the 
greatyd atedrenelpevaanoeayee9.C at4hou a wth 
fuiimxngofcont asiagentandu ne ureteropelve 
«b$i uei on s teen Intnna c na rowed a ea was found on 
nephrectomy The k dney had good pa enchyma was 
unniectedandpotentalyeoudhavebeenrepa ed (From 
6erdon efa ) 


signs of alimentary tract disease such as vomiting 
and distention. Once infection occurs these may be 
increased and even jaundice may appear (possibly 
from the cholestasis accompanying gram negative 
endotoxemia) and the diagnosis may be missed en 
tirely As previously noted the signs of pulmonary 
hypoplasia may so dominate the clinical appearance 
that the pnmary lesion is not found prior to death 
The young male infant has about the same involve- 
ment with reflux and Infection as does the female 
whereas infection reflux and nonobstructive hydrone- 
phrosis in the older child is much more common in 
the female than in the male 
General considerations —Hydronephrosis (Le 
abnormal dilatauon of the pelvicalyceal system) may 


be unilateral or bilateral These large masses are 
palpable and their contents may represent 5 10% of 
the total body weight In the usual case treatment 
depends on the demonstration of the obstruction and 
its site and the decision whether a nephrectomy or 
attempted repair is required 

The diagnostic procedure starts viith plain Aims 
These reveal that the mass (or masses) is not gas- 
filled intestinal loops Lateral views may show a pos- 
tenor position of the mass conflrmmg that it is proba 
bly renal 

Intravenous pyelography is performed next using 3 
cc/kg though up to 15 cc can be injected in a 3 5 kg 
full term Infant without ill effects so Jong as the in 
fant is well hydrated and the injection Is not made too 
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rapidly On total body opacification the mass is lucent 
ffig 10-219, since the huge renal pelvis is sur 
rounded by more opaque vascularized liver, spleen 
and residual renal tissue The parenchymal •“nm” 
slowly fades as crescent shaped collecting tubules fill 
(Fig 10-219, B) Finally, the dilated calyces fill, am 
Daily, because of the weight of the contrast medium, 
it collects along the side and posterior wall of the re 
nal pelvis With motion and time, full mixing of the 
unne and contrast occurs to the point of obstruction 
(Fig 10-219, C), this may be at the ureteropelvic 
juncoon, at the ureterovesical junction or at the ure- 
thra. 

The next procedure is usually cystography (in 
eluding voiding films) to determme the presence 
and degree of reflux, and, m the male urethra, pres 
ence of valves The balloon shaped defect of a ureter 
ocele may be observed in either sex. In an occasional 
paUent percutaneous antegrade pyelography via the 
dilated renal pelvis may be helpful, particularly when 
there is no visualizauan of the ureter In the intrave- 
nous pyelogram or voiding cystogram and retrograde 
pyelography Is not possible due to the small size of 
the infant 

Location and ettolocy —UreteropeUic -This 
Bite accounts for most examples of giant hydrone- 
phrosis In the newborn (Fig 10-219) The juncuon is 
BatTowed by an intrinsic dysplasia, there is little in 
fiammatory reacDon There is some specutauon that 
this might be a groivtb disturbance secondary to is 
cfaenua, analogous to small bowel stenosis In a study 


of ddei children with ureteropelvic obstruction, John- 
ston found one-third to have periureteral kmks and 
adhesions possibly secondary to prior infecDon Rare- 
ly, an aberrant artery crosses and compresses the ure- 
ter, in others there may be so-called “high insertion’’ 
of the ureter into the renal pelvis, with the pelvis 
distendmg and causmg stasis Regardless of cause, 
treatment must provide drainage before infecDon 
supervenes, otherwise, further renal damage renders 
nephrectomy the only procedure InfecDon and hyper 
tension are considered contraindications to repair 
by some urologists 

A voiding cystogram should be obtained to exclude 
reflux Antegrade or retrograde pyelography may be 
used to visuabze the tiny ureter (see Fig 10-216, A) 

Urelerotesical —This site may be mvolved on one 
or both sides Masses representing dilated ureters as 
well as kidneys may be palpable A voiding cystogram 
is needed to exclude reflux and infection as the cause 
of obstruction, it also discloses obstructing urethral 
valves if present 

Proper treatment for ureterovesical hydronephrosis 
is controversiaL even in the newborn Some patients 
aw vigorously treated by ureteral “tailoring'’ with 
removal of redundant loops and reimplantation into 
the bladder In others, antibiotics and supravesical 
drainage of the more involved kidney lead to amazing 
restoration of the kidneys and ureters to normal ftinc 
non wub renal growth (Fig 10-220) 

Bladder neck - Primary bladder neck obstruction, 
if it exists 15 not felt to ^ a lesion that can be diag 


fig 10 220 -A, in a newborn female witb ngnt flenk mass 
massive ngftt end lesser left hydroureteronepbrosis is evident ito 
reflux was seen in the voiding cystogram, unne was sfenie B m 
travenous pyelogram several months later affertherapyiumtedto 


antibiotics and right nephrostomy shows amazing recovery of 
both sides with good renal growth and normal luncbon The pa- 
tient has recovered from seeming neonatal ureterovesical ob 
struction following conservative medical and surgical ^lerapy 




Fig lO-aai -s mpte adult type of ureterocele In a newpom neck lucent aelect-ureterpCBle At autopsy the rght k dney was 
male w th ase tea A eystogrem shows ref ux into the sp rai ng t ny and dysplast c and the left k dney was cyst e w th a s ngie 

left ureter and left per renal exiravasat on The intravenous pye- ureter lead ng to s rrpie ure eroce e and Ihe left u ete a o fee 

logram had shown no s gn of e ther k dney AKtes s present in no mat pos i on 
w th med al d splacement of I ver B vo d ng f m shows a ves cal 


Fig 10 222 —Eetop 0 urate ocele A tyo cal pctu e ( n ihs defects In the pisddsr are term nai d lated urataral lagments 

ease b latera } w Ih tha lower collect ng system pushed dowrt i om the upp« po>es end ng as urets oceies B d agrammei e 

and laterally by nonvsua zed upper poe hydronephros s A representai on (FromBerdon erai) 
rm of parenchyma surrounds the upper poe pelvis Fling 
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nosed radiographically in infants (or children) with 
reflux hydronephrosis and infection The vesical out 
let can be obstructed by congenital anomahes and 
ureteroceles should be searched for These can be 
simple adult draining nonduphcated kidneys (Fig 
10-221) or part of a complex anomaly of renal duph 
cation ivith the ectopic ureter (Fig 10-222 A) from 
the upper pole ending in the ureterocele Then the 
intravenous pyelogram shows the drooping hly* de- 
formity of the lower pole calyces depressed by the 
hydronephrotic upper pole 
This diagnosis is made m the intravenous pyelo- 
grams that show a balloonhke intravesical fillin g de- 
fect (Fig 10-222 B) in combmation with poor or no 
visuahzation of part or all of cither kidney As with 
urethral valves rupture of the bladder or of the kid 
ney may occur and be confirmed during cystography 
and pyelography by leakage of contrast medium into 
the perirenal space Sometimes there is flow into the 
pentoneal cavity with unne ascites (see Fig 10- 
221 A) 

Treatment if there is salvageable renal tissue con 
sists of heminephrectomy and ureterectomy (for the 
case of ectopic ureterocele with renal duplication) or 
ofnephrouretcrectomy (for the simple adult type of 
ureterocele) 
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Urethral Obstruction 

Posterior urethral valves —The infant in whorij 
posterior urethral valves are identified during the first 
weeks of life has a poor prognosis This reflects th^ 
senous damage done to the kidneys m utero m tenn$ 
of both obstructive effects and coeidstent renal dys- 
plasia Pulmonary hypoplasia may be incompatibly 
mtb survival 

The valves consist of membranes onginatmg from 
the venimontanum which descend to divide and 
insert at the level of the external sphincter in thy 
form of an inverted V They balloon out dunng 
voiding (Fig 10-223) acting like sails and encroach 
mg on the urethral lumen to impede flow Unfortu 
nately the clinically observed urmary stream may 
seem normal though some patients exlubit dnbbUng 

Some patients have in utero rupture of the bladder 
(Fig 10-224 A) or even of a kidney secondary to ob- 
stiucaon with development of penrenal unnoma 
(Fig 10-224 B) and unnary ascites Others have 
pneumothorax and pneumomediastinum presumably 
related to SOS' lungs accompanying diminished fetaJ 
unnary output (Fig 10-225) 
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Fig 10 234 A uf nary aae tea n a naweom nfant front rup ago (Court«sy of Or J c Uaen oas New Yo k) B per ranat ax 

lure of (he b adder lecondary to oDat uct ng poster o ureth al travasat on tomb n«d wthu naryasc tes nan infant wth poata> 

valves The k dneys were V ftua y no mal ra s ng the quest on of orurelhraivaves |B eourtesyofO R Moneada. C5h eaoo) 
helpful decompress on f om longstand ng nuteroDladde leak 


The bladder may be either smaiJ and thick walled ral valves In some cases hematuna may be gross 
{Fig 10 223) or huge (Fig 10 225) Reflux may be Tie usual jjifant with posterior urethral valves has 
massive (Figs 10-223 B and 10 224 B) The senous no other anomalies although Curranno had encoun 

problem of establishmg unnary drainage has led to tered several cases of posterior urethral valves associ 

iftsiT}' meih<sdf of deevmprvssim Smce {ise »b«Vnfyy atW nrth Juphcatnm of cai\m me/l cne cvtha 
show bilateral hydroureteronephrosis with tortuous entering the obstructed urethra (Fig 10-226) A few 
ureters (vnth or without reflux) secondary points of male infants with congenital absence of the abdomi 
obstruction may be present at several levels in the nal musculature ( ‘prune belly syndrome) have asso- 
ureters especially at the ureterovesical junction ciated urethral valves 

Supravesical diversion therefore may be needed Most Meatal stenosis —This is not considered to be a 
pediacnc urologists use some type of diversion above radiographic entity and has unclear signiflcance at 
the bladder such as cutaneous loop ureterostoiraes any age as a cause of gemtounnary infection and as- 

These have the advantage of being tubeless and Bomated reflux. 

avoid the foreign body reaction in (he unnary tract Anterior urethrai. oesTRCfcrioN -Rarely the 
that inevitably Introduces infection Resection of the obstruction in the male infant is secondary to anterior 
valves may have to be delayed until the kidneys re- urethral diverticulum (Fig 10-227) Its effect is siml 
cover from the secondary obstruction and infectioQ lar to that of a valve m that It fills on voiding ob- 

Tbeinfantsjnayhavehadsuchseverefeialobstroe- strucbng the urinary stream. The bladder may be 

tion that marked secondary renal cystic dysplasia has small and thick walled or large and thin walled. Re- 
developed. The kidneys may be unable to reabsorb flux may be present as well as secondary ureterovesi 

water and a diabetes insipidos-hJte picture has been cal obstruction Treatment aside from repair of the 
identified m some male infants with postenor ureth nrethra, is decompression of the upper tracts 



Pig 10*226 -Dupl cat on ot the colon On« edon ends nor 



Pig 10 227 -Mass ve b'acdar wall th ckan ng w th urethral 
0 atat on s*cono»rf to ante or urethral a vert eu um n a new 
bom nfant As the 0 vert eulum f lied It ba looned out obstruct 
ng (he enter or urethra and eaus ng urnary retent on (Courtesy 
of Or K Wate house New Yo k ) 
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Triad Syndrome < Prune Beily or 
Eagle Barrett Syndrome) 

This syndrome is characterized by undescended 
testes dilated ureters and dysplastic kidneys and ab- 
sence of abdominal musculature (Fig 10-228). Males 
by definition have this syndrome although a tare 
female has a similar syndrome Some patients sur 
Vive into adult bfe after cosmetic surgery for the ab- 
dominal wall others are sQUbom or die in infancy of 


azotemia The renal insufficiency Is due m severe 
cases to cystic renal dysplasia presumably from re- 
nal damage m utero Pulmonary hypoplasia. Potter’s 
facies and club feet all signs of oligohydramnios 
have been encountered (Fig 10-229) 

The kidneys may not be hydronephrotic but have 
only huge atonic ureters with small bizarre nondilat 
ed calyces as signs of renal dysplasia (Fig 10-230). 
Some authors consider the ureteral dilatation dysplas- 
tic and not secondary to distal obstruction liiis re- 
flects the failure m the usual case to find vesical or 
urethral obstruction at necropsy although a few ex 
amples of urethral valves have been recorded The 
urachus may be patent (Fig 10-231 A) and the poster 
lor urethra elongated Occasionally a dilated utncle 
(orvagmamasculinus) is seen arising high in the pcs 
tenor urethra (Fig 10-231 B) Imperforate anus and 
rotational anomalies of the gut occasionally coexist 
Treatment is controversial since infection is intro- 
duced by placement of any tube Some favor diver 
Sion such as cutaneous pyelostomy or ureterostomy 
The natural life history of the anomaly is impossible 
to define smee it encompasses such a wide range of 
renal dysplasia plus the supenmposed effects of 
infection and surgical drainage 


Fig 10-22* (Istt) -Typical prune oeiiy snewng wrnkieO tfronwasobad nvoivement p( tbe d sph agm Hypoplastc lungs 
abdomen The testes wart undaieandad and flank masses repre led to death interstia puimonery empfiysama pneumomadaa 
sent ng huge urete a were eas ly palpated i num and b ala ai pneumoinora* we e teund at autopsy 

Fig 10 229 (right) -A newbo n nlantwih prune belly syn 
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Fig 10 230 - Pruno belly syndrome A, an early niravertous niect on B a later f Im shows g ant ureters that we e v rtually 
pyelogram shows bzare dysplastc but not hydronephrot c atoncortfluo oscopceva ust on 
upper tracts 6 ood urea n trogen was normal artd there was no 


Fig 10 231 -Vo d ng cystourethrograms in (he prune belly a e very rare n these pat enis B ol artother pat ent shows a 

Syndroms A shows a part ally patent urachus (upper errow) and $me t vag na mascu nus (arrow) a not infrequent f nd ng In 

long sightly diated but unobstructed poster or urethra Vaves these pat ents (b bladder u urethra) 
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V89lnal Obstruction 

Rarely a female infant Is bom with a giant fluid 
distended vagina. The fluid includes secreuons sQmu 
lated by maternal estrogens Since such infants often 
have an anomaly other than a simple obstructing 
diaphragm cases of imperforate vaginal membrane 

Fig 10 233 -Estrogen efteet causing vaginal eniargemeni A 
in thra oiherwiae normal newborn there la anterior a spiacemeM 
of the bladder and posterior d aolacement ol the rectum No ob- 


(producing hydrocolpos) are joined In this discussion 
with those of female infants bom with a common 
stenotic urogenital sinus with unne draining into the 
vagina (Fig 10-232) Attempts at catbetenzanon in 
the latter type usually result in flUmg of the vagina, 
since the urethra enters the vagina high and behind 
the symphysis and is diJHcult to cathetenze In many 
of these girls the rectum also enters the vagina above 
the stenosis so that meconium mutes with unne and 
vaginal secretions This is termed the cloacal type 
of impeifotate anus since it it a common chamber for 
(he excreted contents of the intestinal and urinary 
tracts 

structien was noted on gyneeolog c exam nalion the vagina and 
uierus weie boggy on palpal on 8 a year later the space be- 
tween rectum and bladder is normal 
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Radiographically the huge vagina may contain gas 
if there is a rectovagmal fistula. Total body opaafica 
bon may show the vascularized wall to hght up 
with the contents seeming lucent The intravenous 
pyelogram shows dilated ureters displaced to the 
flanks by the central vaginal mass If severe enough 
the obstrucQon may produce ohgohydramnios de- 
formities including hypoplastic lungs and death 
Do not confuse the mild vaginal enlargement in 
some normal newborns with hydrocolpos (Fig 10-233) 
One commonly sees mild posterior displacement of 
the rectum and anterior displacement of the bladder 
by a boggy vagina and uterus this has been attributed 
in the newborn to the maternal estrogen effect which 
causes gynecomastia in the newborn. Physical exami 
nation shows a ncfimal vaginal mtroitus and the en 
largement recedes in the weeks foUmving birth 
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Vascular Olsiurbances of the Neonatal 
Kidney and Adrenal 

The kidneys and adrenals of the fetus and newborn 
may be the site of uifaicoon hetnorthage and necro- 
sis The involvement may cause rapid death or recov 
cry may ensue with calcificauon in the uwolved re- 


gioa as the only sign of the previous events SorO® 
infants have a prolonged stormy course includuiS 
shock pallor hematuna and azotemia some of 
whom survive and recover In this group radiologic 
studies aid both m the diagnosis and m follow up oh* 
servacions 

Renal cortical and tubular necrosis — The?® 
are best considered together smce the effect of ren^J 
ischemia is most marked in the cortical and pyrand 
dal circulation Causes include fetal anemia shock or 
mtravascular clotting as part of sepsis “Lower neph 
ron nephrosis of the newborn is an older term for th® 
tubular necrosis that may develop Patients who re- 
cover may have a permanent concentrating defect 

In the acute phase the intravenous pyelografu 
shows faint or non visualization of the calyces A 
patchy or dense prolonged nephrogram indicates thftt 
there is contmumg glomerular filtration The contract 
material accumulates in tubules that may be blocked 
by precipitation of urmary glycoprotem of Tamm and 
Horsfall This dense nephrogram m mild cases per 
sists for several days (Fig 10-234) Follow up intr^ 
venous pyelograms are usually normal although the 
more severely affected infants exhibit papillary cavi 
aes as a sign of necrosis The kidneys may be shghtl7 
enlarged. The combination of such enlargement and 
the streaky nephrogram may cause confusion with 
infantile polycysuc disease liie rapid recovery In the 
group ivitb tubular stasis difierenustes the two condi 
tions 


Fig 10 234 -A Cense nephrogram (last ng several flays) flut a ) B r. ihe ehton e phase ot renal eon eal and tubula neeros # 

ing the acute phase of lower nephron obstruct on n an ntaoi 2 seve ai weeks a«er b rth marg nal ca e f cat ona surround both 

days ol age who recovered fol ow op f Ims were normal Some k flneys ana both ad enals are calc f ed Neonatally there had 

such infants excrete targe amounts of Tamm Horsfai ur nary been d ssem nated nwavascu ar cottng arri aarenal hemor 

glyeoprote n once d ures s commencee in others permanent rhage developed The nfant d ed after azoitm a ur ne concen 

pap Mary necros s is present In follow up nlravenoos pye 0- I at ng delects and p ote nur a (Courtesy of Dr J Leon das 
grams (Courtesy of Dr i Foley Burl nglon VI fron> Berdon el NYC) 
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CorticaJ necrosis may lead lo marginal corneal cal 
ciiicabons within as little as two to three weeks after 
birth The proposed causal mechanism is cortical 
ischemia with necrosis and calcification the com 
comedullary and medullary regions mamtam their 
blood supply by corticomedullary shuntmg O^eta 
effect) (Fig 10-234 B) 
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HeNai. vei« THitoMsosis -The manifestations of 
renal vem thrombosis range from marked hematuna 


Pig to 235 —Renal ve n thrombos s A in the acute phase in 
travenous pyelogram shows a k dney-shaped lucency n an area 
of enlarged though nonlunct on ng right k dney Hemaiur a pro 
te nur a and hypertens on were present In B ret ograde pyeio- 
gram the calyces n the la ge Inlarcted k dney a e si etched C 
retrograde pye ogram shows sma I but otherwise no mal k dney 
Th s nfant deve oped shock in the newborn per od B lateral ad 


renal calc f cat ons we e noted repeat b opsy showed renal ve n 
thromb The ch Id was a ve though azotem c at age 8 years 0 
resected spec men shows mu t p e calc f cat ons n a small k d 
ney from an nfant in the ch on c phase of renal ve n thrombos s 
H^iertens on p esent n t a ly had d sappeared then reappeared 
late leadng to nephreclomy (D courtesy of Dr H Nohum 
Pa s) 
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and azotenua with bilateral flank masses to the dis- 
covery of a mass with no funcbon on mtravenous 
pyelography (Fig 10-235, A and B) or a small, un 
distorted, poorly functioning kidney on retrograde 
pyelography (Fig 10-235, C) Later arborizing calci 
fications may be seen vnihin the affected kidney (Fig 
10-235, D) Recovery is possible, though late onset of 
hypertension has been noted 
In the acute phase intravenous pyelography may 
demonstrate an enlarged kidney-shaped lucency in 
the total body opacification phase with httle if any 
function (Fig 10 235, A) Retrograde pyelography de- 
lineates stretched calyces (Fig 10-235, B) that mimic 
polycystic disease, contrast matenal readily extrava 
sates smce the kidney may be virtually destroyed by 
the infarction Treatment is usually nephrectomy m 
unilateral cases and heparinization or even clot re 
moval m bilateral cases 

The cause of the thrombosis is unknown Maternal 
diabetes was emphasized in the past, but recent in 
vesQgations suggest fetal and neonatal shock, dis 
seminated intravascular clottmg, marked dehydration 
and altered glomerular filtration. It u possible that the 
clotting IS secondary to altered intraienal dynamics 
rather than the cause Although rarely diagnosed m 
life, renal vein thrombosis is not so care m necropsies 
of newborn 
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Adrenal Hemorrhage and Calcihcations 

The huge fetal adrenal gland (one-third to one-half 
the size of the kidney) involutes normally without 
cvenL Occasionally massive hemorrhage occurs ei 
iher from traumatic breech dehvery or from intra 
vascular clotting Sepsis has occasionally been asso- 
ciated with such clotting The hemorrhage either 
»»iulateral or bilateral, may lead to exsanguinating re 
trepentorveal or intrapentoneal hemorrhage However, 
|be blood may be contained wi thin the gland and the 
breakdovTO of hemoglobin to bilirubin has led to pro- 
nounced jaundice in the first 5-10 days of life Jaun 
“Ce, when combined with unilateral or bilateral up 
per abdominal masses, should raise the clmical suspi 
“^tta adrenal hemorrhage 
The radiographic diagnosis can be made without 
waiting for penpheral or central tnangular calcifica 
tjons to form. The total body opacification phase of 


the intravenous pyelogram during the acute phase 
shows a homogeneously lucent round mass above one 
or both kidneys (Fig 10-236, A) sharply contrasted 
with the dense hver, spleen and kidneys The kidneys 
are depressed and flattened and their calyces, m the 
excretory film, are tilted down and laterally in a 
"drooping bly” deformity (Fig 10 236, B and C) Re- 
nal tubular stasis is present in some patients mth a 
prolonged nephrogram that may last for a day (Fig 
10-236, A and B) 

In the following weeks penpheral or central floccu 
lent calcificaDons may develop, several months later 
the glands have shrunken to a tnangular calcified 
mass (Fig 10-236, D) A major therapeutic problem 
for these patients is the common chnical (both pediat 
nc and surgical) diagnosis of neuroblastoma or 
Wilms’ tumor Surgical exploration does not solve the 
problem since the adrenal and kidney axe bound to- 
gether and the surgeon often thinks he is deahng 
ivnh a renal tumor and performs an adrenalo- 
nephrectomy m one case the tail of the pancreas and 
spleen were included m an attempt at en bloc resec 
tion of a suspected neuroblastoma 

The diagnosis of adrenal hemorrhage is easy if pe- 
npheral calcifications are noted in the initial iUm 
<Fig 10-237) and shrinkage rapidly follows 

Neonatal adrenal hemorrhage is much more com- 
mon than neonatal adrenal neuroblastoma, which is 
rarely bilaterd If the diagnosis cannot be made pre- 
operatively aspiration of the hemorrhagic adrenal 
and biopsy should be done and mterpreted before the 
kidnev and adrenal are removed. Results of unne cat 
echolainine studies were normal in two patients with 
idrenal hemorrhage but are not, unfortunately, al 
ways posiuve in patients with neuroblastoma Also to 
be thought of, mainly because of the renal distortion, 
not the physical findings, is unilateral or bilateral 
renal duplication vnth hydronephrotic upper poles 
depressing the lower calyces Most such duplications 
have lucent intravesical signs of ureterocele and the 
nephrogram is not complete, showing this mass to be 
mtrarenal (see Fig 10 222, A), whereas with adrenal 
hemorrhage or neuroblastoma the nephrogram is in 
tact thou^ flattened and distorted (Fig 10-236, A) 

The largest tnangular adrenal calcifications occur 
in Ihe rare cases of famihal xanthomatosis, descnbed 
m 1956 from Israel and now called Wolman’s disease 
(Fig 10-238) The example of such giant adrenal cal 
cificatioRS illustrated in previous editions was called 
Niemann Picks disease but has been proved to be 
notman's disease On restudy of the tissues large 
amounts of cholesterol and its esters and triglycendes 
have been found m the hver, spleen, lymph nodes and 
adrenals 

Infants with Wolman’s disease die In weeks or 
months after a stormy course of diarrhea, failure to 
thnve and infections It is possible that treatment 
with low cholesterol diets and modifications in the 
intake of triglycendes may alter the course 




Fig 10 236 -Adrenal hemorrhage A total body opacrf cation lateral displacement . 
reveals a lucent mass above both kidneys best seen onIhengM either from the upper | 

The displaced kidneys are somewhat enlarged with dense neph C diagrammatic sumi 

rogram (Large amounts of Tamm Horsfall gfycoprolen have pyelographc (nd i — 
been cot ected in such pat ents once d uresis has commenced ) lent adrenal ca c i 
B, at one hour there is calyceal datort on wtn downward and (FromRose etaf) 
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Fig 10 238 -Wolmana dseaae Intravenous pye o^ram ton 
tal project on of an infant w ih apicnomega y snows Huge ca c 
Fed adrenal glands Th s s a fam I al xantnomatos s w ih eho es 
ferol In the nvoived organa although the adrenals alone caie ty 
Prevousy contused win NemanrvP chdsease ihs case was so 
Illustrated n earl er ed t ons on the has s of d agnos a at au opsy 
nev ew of reta ned patholog c specimens led to the present d ag 
nos s ol Wolman s d sease 
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Renal end Adrenal Tumors 
Both the kidney and adrenal gland may be the site 
of tumors dunng the newborn period Diagnostic pro- 
cedures include plain films (for calcifications) ultra 
venous pyelography with total body opacification ul 
trasonography and occasionally umbihcal aortog 
raphy Knowledge of the natural history of these tu 
mors IS important in planning therapy 
Renal tumors —A detailed search of the literature 
on renal tumors in newborns (mcluding stillboms) 
fails to reveal a metastasized tumor The ovenvhelm- 
mg number of these renal tumors although called 
Wilms tumor are benign and represent a form of fe- 
tal renal hamartoma. Some function usually remains 
m the mvoWed kidney (bilateral involvement is In 
compatible ivith life due to lack of sufficient function 
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Ing renal tissue) and total body opacification during 
excretory urography reveals mottled avascular and 
peripheral compressed vascular areas Umbilical 
aortography outlines the blood supply to the tumor 
with the density differing from case to case (Fig 10- 
239) 

Because true Wilms tumor is rare ui the newborn 
period and most neonatal renal tumors are benign 
there is no need to operate on an infant with tumor 
during the first days of Lfe The Infant may be prema 
ture although weighing due in part to the tumor 
more that 2000 or 2500 Gm Difficulties of tempera 
ture regulation at this age have led to death at the 
time of surgical removal of what was a benign tumor 
Furthermore postoperative radiotherapy with the 
potential for damage to the spine and growth centers 
of the infant should be withheld until competent 
pathologic studies have rei'ealed the exactdzagnosis 
Renal displacement like that with Wilms tumor 
has been observed with retiopentoneal abscess (Fig 
10 240) and hygroma (see Fig 10-243 A) which Is a 
form of lymphangioma 

NEUROBt-AsroMA.— As mentioned in the discussion 
of differential diagnosis of adrenal hemorrhage neu 
roblastoma can be present in the newborn penod The 
adrenal may be the pnmary site but the disease may 
arise first from any level ui the sympathetic chain 
and be midiine or presacral or paravertebral (Fig 



25 171 
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Fig 10 241 Neonatal neu eb astoma In A a rgbt paraverte chemoihe apy led to sn nkaga B three months later showe 

brai mass $ med al to the r ght k dney part ally obstruct ng co $hr nkage and further ea c f cat on of the mass The pat ent wa? 

■act ng system Ca e f eat one a e fa nt at th s t me Th s tumor n we I orte and one ha f years later a I ea e f cat ona had d y 

a 3 day old nlanl could not be resected Radotheaoy and appeared and repeat lapa otomyta ed to disc ose res dual tumor 

10-241 A) even cervical neuroblastoma has been less This may not be because of metastases them 
recorded with airveay obstrucuon selves since many of the survivors had exophthal 

With radiQtheiaPY and ame the tumor may pro- mos bver enlargement and cutaneous nodules This 
gressively calcify and shrink (Fig 10-241 B) Sumv type of lesion has been followed by transformation td 

al data in the newborn indicate a salvage of 40% or benign ganghoneuroma in some cases and disappear 

Fig 10 242 A a r ght flank mass n a newborn nfant ep »• lues Cents nervous system and gastrp ntest nal e ements were 

sentng fetus n fetu the most compete to m of teratoma 6 a so present 

spec men shows abort ve ext em t es and trunk w tn bony struc , 
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ance of all tumors in others Most surpnsing is flie 
finding of microscopic foci of neuroblastoma m 0 5 
1 5% of careful studies of the adrenal glands of still 
boms and mfants up to the age of 3 months by Beck 
with and associates This suggests that this tumor is 
more common than is recognized but is rejected by an 
tigemc processes of infancy The clinical incidence of 
neuroblastoma is only a tmy percentage of Beckwith s 
incidence in necropsy studies 
Diagnostic investigation includes intravenous pye- 
lography with total body opacification The tumor may 
be slightly lucent although would rarely be as lucent 
as a hemonhagic adrenal gland Gastrointestinal se- 
nes may show bowel displacement liver scans identi 
fy mottling of disseminated liver mvolvement A bone 
survey should be made because skeletal roetastases 
are common Pulmonary metastases though found at 
necropsy are rarely seen in hfe Cranial metastases 
may cause apparent widening of cranial sutures in 
the absence of Increased intracranial pressure Urine 
studies may reveal elevated catecholamine levels 
The maternal history may include sweating palpi 
tations and tinglmg of the bands and feet ui the last 
weeks of pregnancy suggestive perhaps of catechol 
amines crossing the placenta from the affected fetus 
to mother Voute suggested that such history should 
lead to a careful search in the newborn for a neural 


tumor includmg unne vaniUyl mandehc acid studies 
and possibly intravenous pyelography and chest films 
Retroperitoneal teratoma —Masses containing 
bone cartilage teeth central nervous system tissue 
fat and muscle may be found in the abdomen of new 
boms Termed teratomas they are defined as fetus- 
in fetu (Fig 10-242) if there is a recogmzable trunk 
and limbs seemingly an abortive twinnmg. Although 
rare they should be removed because of the potential 
effect on normal renal function and the slight mahg 
nant potential. Plain films may delineate the fat and 
bone structures mtravenous pyelography demon- 
strates tbe site of the teratoma If above the kidney 
the kidney is shifted down and laterally as by adrenal 
neuroblastoma. The correct diagnosis should be possi 
ble Ciotn analysis of the plain film densities 
Retroperitoneal hygromas (lymphangioma 
CYSTIC MESODERsiAL TUMORS) —Huge cystic masscs 
with lymph filled spaces as the major component are 
found in the retiopciitoneum. Dependmg on their 
sue they simulate Wilms tumor or neuroblastoma. 
They may extend down into the pelvis and even In 
to the inguinal area, simulating mguinal henua. 
The cystic extrarenal nature can be appreciated on 
total body opacification when opacified septums sur 
round the avascular cysdc lucent spaces (Fig 10 243) 
Surgical biopsy should be attempted for exact diag 


...I.. ...b., Tbb tH« b add4r SShHeO th s wou 0 


nous pyelog sphy The bese of the b a> 
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nosis Preoperabve radiotherapy should be avoided 
since Wilms tumor is extremely rare ui the neivbom 
and the radiographic Andings should differentiate 
hygroma from neuroblastoma and bemgn fetal ham 
artoma. 

Sacrococcygeal teratoma —Huge cUmcatly ob- 
vious sacrococcygeal teratoma in the newborn is a 
nuxtuie of solid and cystic elements that may be 20 
30 cm m diameter originating from the presacraJ area 
and extending down between the infant s legs fFig 
10-244 A) Contaimng fat bone teeth central nerv 
ous system and gastrointestinal elements they have 
a low but real chance of malignant dissemination 
Most are benign and readily removed Some however 
have a serious presactal and retroperitoneal exten 
Sion Those that extend above the 3rd sacral segment 
cause neurogemc bowel and bladder dysfunction 
Radiographic evaluation mcludes plain films m 
frontal and lateral projections The rectum is opaci 
fied to outline the extent of presacral extension (Fig 
10-244 B) Cystography can be used to see if the mass 
is behind the rectum and bladder or between them (as 
with ovanan teratoma) The total body opacification 
phase of the mtravenous pyelogram outlines the cys- 
tic lucent nature of the presacral and retropentoneal 
extension (Fig 10-244 B) 
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Renal Cystic Disease 

Several recent attempts at pathoiogic-radlologic 
coirelabon of renal cystic disease have ernphasized 
the confusing and overlapping classifications Radiol 
ogists should read these and acquaint themselves 
with the four types proposed on the basis of micro- 
dissection by ()$athanondh and Potter Radiology is 
not microscopic pathology and adoption of any one 
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Fig 10 S45 -A retrogrode pye og am show ng flysplast c 
left kdnoyarx} absence of the rgM k dney The ch ef cl n cal 
<j5lu banco was at dor due to resp ratory compensatory 
eftons for unsuspected (and ult ma ely lethal) rena 
hyPPpias a Autopsy revea ed a bl nd ertd ng r ght ureter and 
twO ca yees n the hypep ast e left k dney w th cyst c 
dysp as a B tunct on ng hypoplast e left k dney and s m ar 
changes in the lower po e of the r ght k dney n an Infant w ih 
hypoplasi c left heart syndrome secondary to sort e at es a 
Aufopsy revealed cyst c dysp as a 


system of classi&canon is best avoided m this area 
where patholoeists differ One approach is offered 
largely derived from the work of Elkin and Bernstein 
since it seems most helpful clinically 
Unilateral multicystic disease -When renal 
dysplasia is associated with total replacement of the 
Involved kidney by large and small cysts it is termed 
unilateral multicystic disease this seems to corre- 
spond to rype 11 of Potter Elkin and Bernstein pointed 
out that it represents only part of a spectrum of corn 
comedullary dysplasia that also includes the aplastic 
and hypoplastic kidney (Fig 10-245) The clinical 
involvement of this type is unilateral since symmetn 
cal bilateral involvement is incompatible with life 
Such bilateral Involvement is not uncommon in 
pathologic studies of sclllborns The proximal ureter is 
usually atretic or severely slenosed It has been sug 
gested that this might be the sequel to a prenatal vas- 
cular insult to the ureter with the kidney destioyuig 
itself from the obstruction The kidney is a mass of 
grapelike cysts ranging from a few millimeters to 
many cenameters in size (Fig 10-246 A) The Intrave- 
nous pyelogram shows no function as such but total 
body opacification may reveal multiple lucent defects 
(Fig 10-246 B and C) The opposite ludney may seem 
norma] however several patients have developed 
obstruction at the ureteropelvic junction that re- 
quired pyeloplasty (Fig 10 247) 

Renal cystic dysplasia secondary to prenatal 
URINARY tract OBSTRUCTION -Prenatal obstruction 
of unne flow as in some cases of urethral valves or of 


urethral atresia with patent urachus (seen In severe 
examples of absent abdominal musculature syn 
drome) is assoaated with dysplasae kidneys and 
varying degrees of corucal and medullary cystic 
change The kidneys are small or of normal size Sim 
liar changes are present in some infants with compb 
cated forms of imperforate anus and accompanying 
urologic malformations 

The cysts type IV of Potter occasionally are out 
lined in the intravenous pyelogram. Early films show 
lucent defects within the parenchyma during the 
nephrogram stage (Fig 10-248 A) Late films have 
shown fillin g of the cysts with contrast material (Fig 
10-248 B) and in voiding cystograms reflux has on 
occasion filled these smalt cysts Survival depends on 
the amount of functioning parenchyma though the 
kidneys tend to be hypoplastic 

We should add here that renal dysplasia possibly 
associated with prenatal reflux or obstruction ac 
counts for most of the tiny or small kidneys seen 
in infants Renal artery stenosis Itself is not the 
cause the renal artery will be small when the kidney 
is small reflecting the demand. The size of the renal 
artery ostia in a newborn of course will be small so 
that one cannot distinguish an acquired small from a 
congenitally small kidney in the newborn by such 
propped criteria as the size of the renal artery ostia 
Infantile polycystic disease — Paihologisis 
encounter polycystic disease as an entity largely con- 
fined to stillborn infants with huge bilateral sponge- 
like kidneys The thousands of cysts represent dilat 
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Rg. 10-246. -Unilai«ral muiticystic kidney disease A, specimen, with 
^rapeiike clusters Of cysts and atretic lumen of the proximal ureter 8, 
total body opacilicabon phase of the intravenous pyetogram. 
demonstrating mulbpie lucencies in an infant whose opposite kidney 
was grossly normal C, diagrammatic representation of 8. (B and C, 
courtesy of Dr N T Crrscom Boston) 
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ed coUectuig tubules Osathanondh and Potter termed 
this type I and considered it incompatibie with sur 
vival for more than a few days The effect on fetal 
unne output must be profound in view of the high 
association with oligohydramnios and pulmonary 
hypoplasia 

What is the relation of this infantile polycystic 
disease to the newborn who survives and even more 
confusing to the older infant or child with less renal 
enlargement but with the same radiographic evi 
dence of dilated coUecting tubules? The radiographs 
merely show that the kidneys are enlarged not by 
large noncommunicating cysts but by hundreds or 
thousands of dilated tubules that fill with contrast 
material which may linger for a week {Fig JO-249) 

Fig 10 248 -Cystckdneys n an Inlait w (hposte oruretnra 
valves A small rad olucenc es are seen n the neph og am early 
f Im The hyd onephrot c collect ng system s read y f ed and 


Still other infants have both this form and a develop- 
ing SWISS cheese pattern of noncommunicatmg 
cysu Is this the natural evolution of infantile poly 
cystic disease or is it an early manifestation of Potter a 
type in adult polycystic disease? 

No answers can be pven here because the natural 
life history of these groups and tbeir causal interrela 
Donstup if any is unclear As an example the patho- 
logic case in ReiUy s discussion of renal tubular ec 
lasla and portal hypertension in children is of a 
newborn dying of bilateral sponge kidneys What does 
seem clear is that some infants with bilateral renal 
enlargement and evidence of cystic dilatauon of col 
lecnng tubules survive Some develop congestive 
heart failure hypertension and die others become 

siKnvsgoodexcreton B at sx hours shows the cysts now fled 
w Ih contrast mate a Afte at set ve u ele a decomp ess on 
Int avenous pyeiograms no longerdemons aled cysts 
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Fig 10 249 infani l» polycyst c 0 lease Huge k dneys 
werepaipabe na bypenens veinlant on the Istday of Ife 
A n the ntravenous pyeiogram the ea yeee t led balo a 
I II r>9 of hund eds Of d lated spaces The huge k dneys have 
(he t t of renal a> $ falsely suggest ng horseshoe k dney B 
seven days laier the nt avenous pye ograrn st II shows 
^ res duel cont ast n cyst c d laiat on of (he tubules C three 

t, yea $ ate the ntravenous pyelog am shows more d ston on 

w th less r II ng of (he cysuc spaces At 5 years of age the 
pat ent had hypertens on controlled by ant hypertens ve 
d ugs and no cl n ca s gns of I ver d sease 


azotemic anci die of renal failure Still others have 
adequate renal function but portal hypertension ap- 
pears and they may bleed to death Tins reflects co- 
existent congenital hepatic fibrosis 
Finally lung cysts and renal cysts are so rarely seen 
m the same mdmdual that they are best separated It 
IS legitimate to speculate that some of the cysts found 
^ the lungs of newborns dying with polycystic renal 
disease may actually be signs of airblock and dilated 
interstitial emphysematous blebs 
Miscellaneous cystic changes - Cystic changes 
are found in patients with trisomies 13 15 and 17 18 
and with tuberous sclerosis (in addition to hamarto- 
t^tous change) but have not been studied xadiogra 
Phically in the newborn period Simple cysts single or 
multiple are occasionally seen in older children as is 
m^ullaxy sponge kidney (seemingly a mild form of 
I of Potter by radiographic description but a form 
of type III by Potter s microdissections) The combi 


nation of such sponge kidney and azotemia with 
death in the first two decades has been called juve- 
nile nephronophthisis -cystic disease of the renal 
medulla. These are not newborn diagnostic problems 
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Screening Intravenous Pyelograms in 
Newborns with Anomaites 

If a “screening IVP’’ is performed in infants with 
congemtal anomalies the yield ranges from high (as 
with imperforate anus of the high type, Turner’s syn 
drome, congenital absence of the radius) to moderate 
(imperforate anus of the low type, complex congenital 
heart disease) to poor (anomalies of fingers or toes, 
single umblhcal artery in normal appearing infant, 
aganghonosis, undescended testes) 

Screenmg intravenous pyelography should be de- 
ferred until the infant is 1 or 2 weeks old or longer 
because of occasional failure of visualization of nor 
mal kidneys on the 1st or 2nd day of life This has 
occurred despite doses of 10 cc for a 3 kg infant, the 
equivalent of over 200 cc m an adult This may be 
due to glomerulotubular imbalance in the immediate 
postnatal period 

In the infant with anomahes that seemingly predis- 
pose to neoplasia (such as the association of anmdia 
or hemihypertrctphy to Wilms' and other tumors), a 
single normal intravenous pyeiogram does not Indl 
cate that Wilms’ tumor will not subsequently develop, 
and such patients must be followed, perhaps with a 
single film after injection of contrast matenal, every 
8-12 months for the period of risk (at present not 


known) Infants with undescended testes and hypos- 
padias have shovm a very low yield on screening in. 
travenous pyelography The 8-12% of abnormahnes 
cited includes anomalies of form such as partial du- 
plication, the percentage of senous anomalies is very, 
very low It is the policy at the Babies Hospital to 
screen patients with any type of imperforate anus by 
intravenous pyelography and voiding cystography in 
the first week of life, there is such a high association 
of senous genitounnaiy defects that their discovery, 
prior to superimposed infection, warrants this rou- 
tine However, in this group, as in those with agan 
glionosts, the unilaterally or bilaterally dilated ureters 
in Infants without infection may spontaneously im- 
prove after colonic decompression. Structural renal 
malformations such as crossed ectopia and unilateral 
agenesis may be found alone or with reflux in as 
many as one-half of the patients with the high type of 
imperforate anus Reflux alone may e»st with or 
vntbout infection, neurogenic bladder may also be 
present 

In some pediatric institutions a film of the abdomen 
is obtained on complenon of anpocardiographic In- 
vesDgaoons of infants with congenital heart disease 
This yields some poeinve infomation. although the 
dose (usually 1 cc/kg of 75% contrast material) is 
rather low for good pyelography 
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The word "artifact’ is denxed from the Utin 
foe urn. something made or done, and artt. by an or 
Imo. introduced into the English language m 
1829 to designate an object such as a tool or oma 
evidence of human workmanship or 
“odification, as distinguished from a natural object 
When the word was later applied in the biological sci 
human modification predomi 
nated The connotation was that an extraneous modi 
cation had distorted the natural appearance or 
performance of the tissue or orgamsm studied In 
^roscopy, for example, an arufact may result from 
eaih, manipulation or reagents, and is not indicative 
structural relationship during life 
tself a product of human workmanship, a roent 
^ogiam IS, strictly speaking, an artifact In medical 
ntgenology, however, the term is usually used to 
esignate an image that is not an accurate reproduc 
on of the normal or abnormal structures examined 
us a foreign body within a patient, whether it be a 
in ® st^rgical sponge or a graphite pencil 

.. ® t^eh (Fig 11-1), is not truly an artifact Nei 

/ ® radiopaque dressing, whether it lies on or 

j as beneath the pauent’s skm(Fig 11 2) 
n general use, however, any density that may be 
™staken for a structural lesion is usually considered 
Such densities contnbute some of the 
e interestmg problems m diagnostic roentgenolo- 
reco ore normal structures, readily 

roentgenograms, that are pro- 
on the specific film so as to create an unusual 


“"ST ta. 
Misleading Images 


Secuonll Artifacts A 


don WOTd 'artifaci ’ is a relatively recent ad* 

^is dati- fi" related words from the same 

•ish Dictio,,,™?® late fourteenth century The Oxford Eng 
art or tkjii ^ artificer, meaning one who makei 69 

"ifldeorrp 1393 The onginal meaning of crfi/iciiil— 

arf contrived not natural-isdated 


^d disturbing shadow For example, the perns may 
be shown on end, simulating a pelvic tumor (Fig 1 1- 
3) When the aural pinna is bent forward, air caught 
between it and the scalp may suggest mtracramaJ air 
(Fig 1) 4) Even the shadow of the umbilical cord 
may confuse those not accustomed to viewing roent- 
genograms of infants And a residuum of the silver 
nitrate that was used to cautenre the umbilical cord 
may simulate the calcifications of meconium penton 
ms (Fig 115) 

Internal structures may also be projected so as to 
cause diagnostic error On a frontal chest roentgeno- 
gram if the patient is rotated slightly to the left the 


ng 11 T Craphii* ( lead ) pencil m the soft tissues of the 
thign Because ihe wood of the pencil Is relatively more rad olu 
cent than either the graphite core or the surrounding muscle It 
appeafsastwofadiolucBfitstrpesfsrrows) Thegraphitef lead 1 
core s of wafer density (Courtesy of Dr Eugene Blank Pitts- 
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Fig 11 5 —In A. frontal projection silver mtrateon theumbili 
cal cord (arrow) o( a newborrt infant simulates macoruum pen 
tonitis B, lateral projection shows ttie rad odensity to be outside 


of the perilorteal cavity and on the umbilical cord (arrows) 
(Courtesy of Or Hooshang Taybi Oakland Calif) 


sternal manubnum may simulate an enlarged aortic 
knob (Fig n-€) Almost any elongated structure is 
difficult to Identify when it is projected axially In the 
case of the clavicle, this may occur on a frontal chest 
roentgenogram when an infant is only slightly turned 
(see Fig 11 33, A) A more imponanc example is the 
uvula, which has been mismterpreted as a foreign 
body in the pharynx on Water s projection of the face 
(Fig 11 7) In one IS year old boy the short and unu 
sually wide twelfth nbs simulated adrenal calciAca 
tions(Fig 11 8) 

Among the surface structures that are likely to be 
mismterpreted, hair is a common offender Practical 
ly every medical student learns to differentiate dis- 
ease in the pulmonary apexes from “pigtails over 

Fig 11 6 —With the patient a boy 6 years of age rotated 
slightly to the left the prominent manubrium simulates an en 
larged aortic knob (Figs 11 6 to 11 6 courtesy of Ors Thomas 
P Coburn and Frederic N S Iverman Cincinnati) 



hanging the apexes Yet when the pigtail is thm ^d 
secured by an elasjic band the expenenced obseO'er 
may mismterpret it as parenchym^ disease with fipi 
cal or hilar calcification (Fig 11 dX Occasion^Y 
braids extending down the back of the neck cast a 
shadow reminiscent of the nuchal ossification 
fibrodysplasia ossificans progressiva (Fig 11 10) 


Fig 117-Axiai projection of the uvula inWataraproleetiPii 
which s mutates a mass or fora gn body in the pharynx of ^ ^ 
year old girt 
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Fig 11 10 ~A, nuchal osaifieations i 
t hroOyapiasia ossifieana programs va T 
are fused B, hair braids on the bach ot 
In the original roentgenograms both t 





a 6 year old boy with 
> zygapophyseal |0 nts 
the neck tn an older girt 
ossif cations and the 



ha r bra da could only be clearly discerned when viewed with a 
bright tight They had a sim lar appearance The true nature of 
the shadows IS well brought out in these IpgEtron e prints 


Fig 11 It -Multipiehairbraidsona 14 month old boy 
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Fig 11 12.-A pigtail (white arrowi) that s muiatee an inira 
cran al ealaifieation on Water e pro(ee(ion of (he tkuH of a 5 year 
old Q rl It la taeurad by an elastie band (blaek arrow) (Courtesy 
ofOrs Thomas P Coburn and Frederic N Siverman Cincinnaii) 
B Ponytail (black arrows) on Water s projection of the skull 


that s mulates an intracranial eaie f cation The white arrows 
po nt to a line rnade w th indel bla ink on the original roentgeno- 
gram by one ot the relernng physicians This type of artifact w II 
not occur ir physicians use grease pencils to mark roentgeno- 
grams (Courtesy of Dr Andrew K Poznanskl Ann Arbor Mich) 


Intiaccanlal calcifications may be municked by 
many shadows formed panly or completely by hair 
Pigtails are usually readily idenofied on a lateral 
skuU roentgenogram (Fig 11 11} They may mote 
easily be confused with Intracranial calcificaoons 
when they are shown only on frontal roentgenograms 
(Fig 11 12) The chewing gum a 13<yearoId girl 
stored in her hair before a pneumoencephalogram 
simulated an intracranial mass, such as an ependy 
moma (Fig 11 13) 

The elaborate bait arrangement on a mentally re- 
tarded 3-year old girl caused considerable concern 
parficifiaiiy s'uice fne relernng ifnysic^ans anticipated 
that she might have intracranial calcifications (Fig 
11 14 A) Inspection of her skull roentgenograms 
with a bright hght however showed that the disturb- 
ing radiodensities extended beyond the confines of 
the akuU. They were cast by a surprisingly radiopaque 
hair dressing that simulated intracranial calcifica 
tjons on both frontal and lateral roentgenograms Tbe 
dressing proved quite tenacious Four shampoos only 
redistnbuted it (Fig IX 14 B), three days and many 
shampoos later, some of the hair diessmg was still 
present (Fig 11 14 C) 

The classic example of extracranial radiodensities 
that simulate intracranial calcifications is the opaque 
paste used to fasten electroencephalographic elec 
trodes to the scalp (Livingston and Pauli) Tbe re- 
sultant densities show on all standard roentgenogia 
phic projections (Fig 11 15) While their true nature 


Fig 11 13 -This 13 y»sr old g rl pisetd hsr chswing gum In 
her ha r for safekeeping before a pneumoencephalogram Tha 
resufianf shadow (arrow) suggested an Intraventreular mass 
possibly an ependymoma (Courtesy of Drs Thomas P Coburn 
and Frederic N Silverman Cincinnati ) 
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may be surmised from their position on the skuU the 
possibility that at least one of the radiodensines is 
cast by an actual intracranial calcification can often 
be ruled out only by roentgenograms repeated after a 
thorough shampoo Rarely electrode paste may be dl$> 
tnbuted on the scalp and hair so that it simulates a 
cranial defect with scleronc margins (Fig 11 16) 
Such common external foreign bodies as eamngs 
and metallic ornaments on a radiolucent necklace 
usually are easily identified Confusion may occur 
however when the situanon is unusual such as an 
earring on either a boy or an infant (Fig 11 17) or 
when the ornament is positioned so that it appears to 
be withm the trachea or esophagus (Fig 1 1 16) Com 
monly In such situations two roentgenograms will 
have been obtained at right angles The object usu 
all y is seen readily only on one of the films Frequent 
ly however tt can be detected clearly outside of the 
patient If the second film is viewed with a bnght spot 
light When the object has been moved between the 


erceCear and earr ng naB month odlntant 


I 





two exposures so that it superimposes the same part 
of the child on each roentgenogram additional roent 
genograms often are necessary to be certain that it is 
not within the child (Fig ]] 19X 
When the arm of a doll which she had clutched 
tightly to her side slipped under a S-year old girl an 
artifact was created that was particularly appropnate 
to pediatnc radiology (Fig 1120) Similarly appropn 
ate are (he images of a pacifier handle projected over 
the mediastinum (Fig 11 21) and the staple m the 
spine of a comic book a lad placed beneath his abdo- 
men for safekeeping (Fig 1122) 

The devices used to restrain Infants and young chil 
dren during filming frequently show on the roentgen 
ograms Occasionally they cause confusion or con 
stemaoon especially when the devices have not been 


Fig 11 18 -Key hung around the necK on a sir ng s mu atng 
alo eigntody nthsesophagusofanB-yaar oldg rl 



Fig 11 17 -Pi 
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correctly used properly maintained or both (Fig II 
23) A disturbing example occurred in examining a 
10-week old infant who had fallen from a bed The 
head clamp was so tightly applied that the posterior 
sponge mdented the occiput which is normally fairly 
soft at that age and suggested a depressed skull frac 
tore (Fig 11 24) Once the clamp was released the 
calvaria resumed its normal contour and a repeat 
roentgenogram showed no fracture 
Drops of opaque roentgenographlc contrast materi 
al located on a restraining band on the x ray table or 
on the child s clothing or wraps may simulate patho- 
logic calcifications (Fig 1125) Sometimes contrast 
matenal adnurustered for a previous xoentgenogra 
phic examination causes confusion. Residual banum 
in the appendix was thought to represent a fecalilh in 
a 7 year old girl vnth fever and abdominal pain for 
two weeks (Fig 11 26) Only after the density had 
disappeared on films made the next day could her 
physician elicit a reluctant confession from the par 


enls Three days earher they had taken tbeir child to 
another doctor who had performed a banum enema. 

We encountered an unusual artifact while monitor 
ing an excretory urogram of an infant Because the 
urinary tract was not opacified m 20 minutes we 
thought the contrast matenal might inadvertently 
have been Injected subcutaneously A frontal roent 
genogiam of the injection site was made that showed 
an opacity suggestive of subcutaneous contrast mate- 
nal (Fig 11 27 A) The margin of the density was 
surpnstngly regular however so a lateral roentgeno- 
gram was made that showed no contrast material In 
the arm (Fig 1 1 27 B) The technician explained the 
artifact Because the hght in the localizing collimator 
had burned out she hung a crude plumb bob made 
from adhesive tape from the center of the collimator 
The swinging tape made the disturbmg radiodensity 
This technician was considerably more helpful than 
the one who failed to remove the blouse when making 
skull roentgenograms of a 2 year-old guL On the 
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Fig 11 22 (above left) - Staple within the apine of a 
comic booK that Mi » 4-yeat-oiO bo^ Hipped beneath 
him for safekeeping as pyelography progressed 
(Courtesy of Ors Thomas P Coburn and Frederic N 
Stvermen Cincinnati) 

Fig 11 23 (above) -Th s infant was incorrectly 
posit oned on the special wooden restraining board 
Had he been p aced h gher on the board the slots 
(white arrows) used n immobil cing the legs would 
not have shown The mult pie rad opague I nes and 
bands (Mack arrows) were caused by barium embedded 
in the board 

Fig 11 24 (left) -Fracture (liorizonlat arrow] 
Simulated by compression of the occ put by t ghtly 
applied sponge of the head clamp (vertical arrows) 
logEtron c pnni Examinat on later after the clamp was 
removed showed normal occ pital contour and no 
fracture Th s infant was 10 weeks old (Courtesy ot 
Drs Thomas P Coburn and Freder c N Silverman 
Ohc nnaa / 
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Fig 11 28 —Button on the blouse of a 2 year od g rf pro ected (Courtesy of 0 s Thomas P Cobu n and Frede e N S ke man 

w th n the foramen magnum on Towne s project ort of the skull C nc nnat ) 


Towne projection the top button of the blouse was roentgenology is mild pneumonia Mimmal respiratory 
projected exactly within the foramen magnum (Fig motion may blur the normal vascular shadows suffi 

11 28) Another technician completely hlled the con ciently to minuc the early peribronchial consohdation 

cavity of a pectus excavatum mth banum paste for of bronchopneumonia (Fig 1132) Slightly greater 

the frontal as well as the lateral chest roentgeno- mooon may obscure early consohdation and falsely 

gram (Fig 1 1 29) A urethral stncture was simulated suggest that the chest is clear Incorrect posihomng 

during a voiding cystourethrogram when a 7 year may also confuse the diagnosis Dunng chest roent 

old boy was instructed to press the unnal Qghdy genography an erect infant sometimes slouches into 

against his perineum (Fig 11 30) a lordonc posiuon so that consohdation in the poste- 

Premature infants should be disturbed as bttle as nor portion of the lung base is hidden by the dia 
possible Particularly when ill they are best left in the phragm (Fig 1 1 33) 

incubator during filming In this situation one roent Although not artifacts optical illusions may simi 
genographic artifact often occurs The small hole m larly confuse the radiologist The Mach effect can be 

the incubator top is magnified by the diverging x ray parncutaily troublesome (Eaglesham) It is a thin 

beam and when projected over the lung or abdomen radiolucent strip at the edge of a radiodensity If this 

simulates an air containing cyst (Fig 1 1 31) radiolucent stnp falls over a bone as when the fin 

One of the most difficult ptoblems m pediamc gets are partly superimposed it simulates a fracture 


F'g 11 29 — A, unusual rad Odens ty on a f onlai ebest foeot sameexamnaion Our usual praci ea s to euti ne the deform ty 

genogram created by banum paste w th n the eoneavty of a pec w tn a fft /* I ne of ba urn paste appl ed for the lateral chest 

lus excavatum n an 8 year old g rl B lateral project on from the oenigenog amony 




Fig 11 30 —A a? year Old boy clamped the 
urinal (marg n indicated by double arroiH) tightly 
against h a perineum during a void ng 
cystourethrogram simulating a urethral stricture 
(single arrow) B three months later the urethra is 
normal (Courtesy of Drs Thomas P Coburn and 
Frederic N Silverman Cincinnati ) 




Fig 11 31 -An 18 hour old boy was examined because cl by the diverging beam of x rays B a repeat roentgenogram ob- 

tachypnea grunt ng sternal retractions and m id cyanosis In A. tamed three hours alter A, was necessary to stay the surgeon s 

the radidlog si pointed out that the apparent lung cyst (arrows) hand (Courtesy of Dr Charles E Shopfner University of Ala 

was the shadow of the hole in (he top of the Isoiette magn I ed bama School of Medicine) 



isse 



Arti/acts and NatUTol Misleading Images / 1587 





1588 / SECTION II Artifacts and Natural Misleading Images 



Fig 11-34 -Ps«udof'aeture9 A, Mach bands simulating (rac 
turas (arrows) ol the prox iral phalanges of the am and Slit fm 
gers The Mach band simulat ng a traelure in the 4th f rtger 
lelotsd arrows) is adjacent to tne sKin of the anterior surface ol 
the 5th finger That a mulatmg fracture m the Sth linger (white 


arrow) is adjacent to the postenor surface of the 4ih finger Both 
of the pseudolracture I nes could also represent air trapped be- 
tween the fingers 8 fiontal project on shows no fracture in 
ether phalanx (Courtesy of Dr Thomas Hendrick San Diego 
Calif) 


Fig 11 35 -Shadow of a skin (old projected on tne upper 
abdomen suggest ng pneumoperitoneum or a lateral defect in 
the diaphragm of a IS day old infant (Courtesy of Ors Thomas 
P Coburn and Frederic N Silverman Cincinnati) 



line (Fi£ 11 34) Skin folds create similar confusion 
in pan due to adjacent Mach effects On a chest ro- 
entgenogram a skin fold may sunulatepneumo thorax 
while on a film of the abdomen it may suggest apneu 
mopentoneum or a defect in the diaphragm (Fig- 
11 35} 

Numerous artifacts may attend speaal roentgeno- 
graphic procedures One example is pertinent With 
tomography, an extremely dense natural structure or 
foreign body is shown m planes other than the one it 
occupies In these other planes it is distorted by the 
tomographic motion to create a confusing shadow 
often referred to as a ‘‘parasite shadow (Fig 1136) 

Many artifacts relate to film handling and process- 
ing These include chemical spots, pressure marks 
and cnmping marks (Fig 11 37) as well as the ef 
fects of static electricity and of the transport systems 
of automatic film processors Defects in the intensify 
mg screens are common and especially disturbing 
The nght lower quadrant density shown in Figure 
11 38 was initially Interpreted as a fecalith On reap- 
praisal it was recognized that the density had exactly 
the same position on all three roentgenograms ob- 
tained each of which was exposed in the same cas- 
sette Such an analysis suggests that the radlodensity 
IS an intensifymg screen artifact The supposition 
may be confirmed without additional irradiation of 
the patient by exposing another film in the same cas- 
sette This technic proved particularly helpful In re- 
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Fig 11 36 -A parasle Shadow (arrows) of a metall c for wth ihe arrow cast the pa as te shadow nA (Courtesy of Dr 

a gn body in the orb t on a I near tomogram B pla n roentgeno Andrew K Pozoansk Ann A tor M ch ) 

gram show ng mult pla metall c fragments The fragment ma ked 


FTg 11 37 —Art facts due to both er mp ng of the vnexposed 
k ray f im (double arrow) and excess ve p essure on the ex 
posed 1 1m before t was processed (single arrows) The arrows 
po nl to only a tew q( the mult pie art facts 


Fig ti'33 -Apps ent fecal Ih in a f month-old nfant adm tted 
because of constant cry ng and oceas onal vom I ng The dsr>s ty 
was f St thought (o represent a feca th Artalys s of the 0 g nal 
Ih ee oenigenograms (two of wh ch a e reproduced) nd csted 
tnai I was a sc een art tact (See text ) (F gs 11-38 and 11 39 
courtesy of 0 s Thomas P Coburn and Frederic N S Iverrnan 
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Fig 11 39 - A. skull art fact a mutating mtraeranal caieiica 
tion produced by glua that poorly attached (he miens ly ng 
screen to the cassette B roentgenogram of the miens lyng 

solving the artifacts on a skull roenlgenogram that 
resulted when defective glue failed to hold an intensi 
fylng screen firmly in the cassette (Fig 11 39) 2im 
met prepared a detailed catalogue of artifacts that 
are caused by faults in handling and processing x ray 
films 



screen showing the disturbing rad odensities to be caused by 
the delect ye screen Arrows point to correspond ng screen arti 
facts 
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calcifying In appendicitis 706* 
AppzNnix 


foreign hodyin.inetaltac 703* 
invaginated stump causing cecal 
fiUingdefect 706* 
perforated 703* 

intrapentonealabscesadueto 707* 
pentonitisand S46* 
pm In 703* 
retrocecal 705* 
coiled 704* 
tettocolic 705* 

AotiEDUCTAL STENOSIS (see Stonosls 
aqueductal) 

Arachnodacttet 1058* 1059* 

ARACHNOmcISTERNS 152* 

Arachnoid cysts 
congenital 196 

corpus callosum absence and 209* 
Arachnoiditis and meiuogitis 179* 
Arm 

(See also Foreann) 
liidnaTfisin.ctiasCrophie 1020* 
emphysema of imersnttal, 868* 
inenchondromaiosis 1027* 
fractures In osteogenesis imperfecta, 
1040* 

tn mucopolysaccharidosis 1 1047* 
1054* 

mOUierscbondromaiosis 1024* 
vnosteodystiophy fibrosa 1061* 
m osteogenesis imperfecta, 1043* 
mPylesdiscaise 1068* 
upper softtissuesof 847* 
ARNOLO-CKIAIUMAtPORMATlON 179. 
I8I 

aqueduclal stenosis and 180* 
meningomyelocele and 180* 
Asrkincncephaly 207 208 
msomyI3 15 and 207* 

Arteries 

brain anomalies 212 2l3 
bronchial anastomosing 
artenographyof 1407* 
carood looping 216 
coronary (jee Coronary artery) 
ectopic causing tracheal 
compression 308* 
great, transposiQonof 384* S09 
corrected 512* 
hypoxia due to 1384* 
sepiectomyin thymus after 450* 
innominate tracheal compression by 
1473 1476* 

pitracranlal occlusions 217 218 
pulmonary 
absence 317* 
anomalies 1475* 
anomalies esophagus and trachea 
in 1471 1477 
lefbecli^nc 486* 
poststenotic dilatation. S02* 503* 
sling 485 488 
stenosis 504* 
subclavian 

anomalies 484 1471 1476* 
anomabes esophagus in. 1473 
artenography 486* 
ectopic nght 484* 

ASTERIOCRARHT 

bronchial 1407 1408 
bronchial arteries anastomosing 
1407* 

incarctnoiiia,hepatic 1406* 
carotid in Menkes syndrome 217* 
inbamartonia,hver 1406* 


hemorrhage and 1407 1408 
inhepatoblastoma. 1406* 
in hypertension. 1 408 
in neuroblastoma. 1407 
lnnewbom, 1403 1419 
in pulmonary artery shng 487* 
renal in laceration 799’ 
retrograde left brachial in 

aorticopulmonary septal defect 
495 

splemccyst 1428* 
splemc trauma, 1408* 
subclavian artery 486* 
trauma and 1407-1408 
vemofGalen aneurysm 215* 
Arteriosclerosis upper extremity 
and hyperparathyroidism 861 * 
Arteriovenous 
aneurysms pulmonary 325 
fistula (ree Fistula, artenovenous) 
shunt 1404* 

Arthralgia in adrenal 
neuroblastoma. 808* 

Arthritis 
alkapconunc 1346 
afterbacleremia. 1010 1011* 
foreign body 1334 
hip traumatic, 1335* 
hypertrophic 133S 
infectious 1333-1336 
knee 1200* 1335* 
leukeimc 1337 1333 
puruleae kneeln 1335* 
rheumatoid (see Rheumatoid 
arthncis) 

spondylarthritis 1387 
tuberculous 1337 
joints m 1202 

ARTHBOCHALASIS MULnPLZX 
CONGENITA 855 

Abtkrocrarht 10 labrum infolding In 
hip dislocation 733* 
Arthrocrytosis concxntta (see 
Amyoplasia congenita) 
Arhcular TISSUES calcificabons in 
exciemiues 663 
Artefacts 1573 1 590 
A SCAN 1432* 
in hydronephrosis 1546* 
ln\\ilms tumor 1546* 

AscARis iniJeum 671* 

Ascendent Lipiodol in 

trstoorethrography 768* 

bladder rupture causing in newborn 
1552* 

chylous 1537* 

lymphangiography in 1420-1422 
colonic perforation and 1399* 
cytomegalic inclusion (hsease and 
1399* 

in newborn, 1533 1538 
pneumovagina and 1527* 
ureterocele and. in newborn 1550* 
Aspergillosis pulmonary 420 
Asplenia 

convergence of aorta and inferior 
venacavain,481 
syndrome 1501* 
technetium scan In 1429* 

Asthma 
atop c 254* 
bronchial.309 311 
atelectasis in 310* 
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Asthma (Coni ) 
emphysemaof 254’ 25S* 333* 
microcardia and 477* 
Astrocytoma 
caJcJAcflOonin 133* 
cerebellar 190* 

Asymmetry 1315 
calvana,9S* 

Ataxia telangiectasia 
lymphoma in.571 
pancreaticsaTComain 571* 
Atelectasis 
in asthma, bronchial, 310* 
in bronchiectasis 313* 
compensatory 326 
compression marginal, 326* 
cysucfibrosis of pancreas and, 361* 
laryngeal polyps and 237* 
obstrucnve i28-332 
causal mechamsm 327* 
massive 327’ 

massive foreign body study 328* 
In tuberculosis pulmonary 413* 
pneumonia and lobar 343* 
simulating double diaphragm 287* 
In tuberculosis pulmonary 403* 
413’ 

Atlas aneurysmal cyst 1261* 
Atresia 

anusfieeAnus atresia) 
aortic 1566 

blUary 6S9’ 1531 1532* 
eholangjoiraphyln 563* 1533* 
bronchial In newborn 1466 
choanal 102* 1440* 
colon 681* 1530-1531* 
du^enum (see Duodenum atresia) 

esophagus (see Esophagus atresia) 
as fetal vascular insult 1502 
ileum 650*1 1505* 

Intestine 

development of 638* 
large 6 B 1 - 6 S 2 
pulmonary 520 
pulmonary vein common 506 
rectum, 681* 882-684 
fistulas in 683* 
stomach 613-614 
tncuspid 515*,S16 
Atrioventricular CANAL 499* 
Atrium 

interatrial septum 
detect 498* 
defect high 497 
patencyof 497- 501 

left superimposed onnghtatnum 


470* 

Atrophy 
bone 964-965 
cerebral 202-203 
unilateral 204* 

muscular 

of extremities 870-872 
after poliomyehtis 872* 
innckets 1225* 
skin folhcular 1322 
thoracic wall 265* 
thymus (see Thymus atrophy) 
Aoriculcmisteodysplasia so 
AUTOMOB aE seat FELT INJURIES (ie< 
Seat belt injuries) 

Autonomic DYSFUNCTION familial, 

lungsin 364 365 
Avitaminoses 1222-1243 


Avulsion 

epicondyle 1105* 1106* 
femoral epiphysis 1126 * 
femoral trochanter ll^O* 
fractureoftrochanter 1126 * 
ossification centers traumatic 1170 
Axishaifoemation indysnielia.979- 
981 

Ayerza s STNDROsiE lutigsln 380 
Azotemia andputn»naiTedema.323* 
AZYCOSLOBE 316-319 
AzpGOSVfiN arch of 426-428 


Bacillus INFECTION gas in fetus 


in myosins ossificans progressiva, 
545- 

straight back syndrome 249-250 
480 

Bacrvvash n.Eitls~ In ulcerative 
ctdids. 699* 700* 

GacTERemia arthnus after 1010- 
1011 * 

Bacteria artenal channels for 
invasion of bone 1192* 
Bakerscvst 1336* 

asartifacis 1576* 
bone 972-976 
bismuth 974-87$ 
lead 972-974 
phosphorus 721’ 975-976 
after plumbisn 974* 
radium. 975 

B anti S SYNDROME 625 

esophageal vancesia 600* 
gasttlc vancosioes ln. 601 * 

Barium 

esopbagrapby of aberrant subclavian 
artery 484* 
paste as arafaci 1585* 
pentoniut 554-556 
Basipkabynceal canal persistent 
120 * 

Bass syndrome 1325 
Bathrocephaly 14* 

Battered child SYNDROME 1132- 

1148 

“Battered” infant ribs In 283 
BCG VACCINE and calcification in 

tuberculosis 418 419* ^ 

Bezoar gastric food simulating 623 
Bile In gallbladder 1531 
Biliary atresia W9* 1531 1M2 
cholangiography In 563*. 1532 
BlUAKY BRONCHIAL fistula 1531- 

1533 

Biliary CALCULI tnhemolyticaneitua, 

ser 

BlUARYDUCT 

congenita) cystic dilautions &o4 

innewbom 1531-1538 

BiUARTPEBirONliis innewbom, 

1537* 

BILIARYTRACT 562-567 
diseases 563-567 

noTToat schematic drawuigs Sbz 
tracheoWHary fistula. 566’ 

Biopsy fagurycauslngtubuUtion 


failure of femur 967* 
Bird-headed fetal dwarfism 
1075* 

Bismuthbands 974-975 
Bladoee 

anatomy normal 756 
anomalies congemtal 782-785 
calculi in 795* 
oxalate stone 796* 
diverticula, 782-783 
Hutch, 783’ 
dupbcatlOD 685’ 
ears 760’ 1543’ 
exstrophy 731*, 783-784 839-844 
chmcaltypes 841* 
constiuctionofvagiDain 843* 
embryology 839-840* 
gemtographyin 842* 
pyelcnepbritli and 802 * 
herma. transitory 760* 
hypertrophy in meatal stenosis 792* 
neck.I54S-lSSl 
neurogemc 1541* 
obstruction, 788-790 
ofneck innewbom 1542* 
of outlet 789-790 
in syndrome of muluple anomahes 
771* 

rupture in newborn ascilesdueto 
1552* 

Crabeculated and reflux 790* 
uiograpbyof eReretery 758* 
Blastomycosis lungsin 420 
Bleeding (tee Hemorrhage) 

Bloce 

aitbloek 1453-1456 
syndrome 1452* 
bean congenital, 1433* 

cloLureteralshadowdueto 798* 
diseases 86-96 
bone changes in 1279-1299 
supplyof growing bone 974-878 
Blocnt s tibia vara, 1172-1175* 
Body total body opacification in 
newborn 1399-1403 

BONt(S) 

(See ofte Skeleton) 
anomahes congemtal, 978-998 
aplasia, congemtal, 978-968 
artenal channeb through which 
bacienalnvade 1192* 
atrophy 964-965 
bands (see Bands bone) 
blood supplyof 874-978 
carpal necrosis 1178* 1179*-1160 
constnction 866-969 
cyst aneurysmal, Z259*-1262 
development, alterations in 976-977 
electrical poienliaJ in stress effects 
of 1082 

electrical trauma to 1082 
of extremities (tee Extremines 
bones) 

facial fibmusdysplasiaof 86* 
frontal dermoid cyst of 225* 
growth 

alterations in 976-977 
effects of excessive heat on, 1083* 
ofhand (see Hand bones of) 
hypertrophy 965 
hypoplasia, congenital, 978- 988 
innominate appearance of secondary 
ossification centers In. 718* 



Index I XV 


Interpanetal, 12* 15* 16* 31* 
normal 11* 

ossificationcenterin 13* 
intrasutural 12* 

ischial retarded ossification of 724* 
islands sclerosesof 961-963 
long 

(See also tubular below") 
bowing of prenatal (see Bowing 
prenatal, oflongbones) 
modeUngof failure 885* 
modeling of normal 885* 
nutrient canals in 876* 
ossification centers in appearance 
of 879* 

splaying of 1066-1071 
lymphangioma, lymphangiography 
of 1422 

lymphosarcoma, 1277 
marble (see Osteopetrosis) 
marTOw<see Marrow) 
occipital 
at birth 10* 
ateleven years 26* 
in paralytic disorders 1129 
panetal 15* 28* 
bifid bilateral 18* 
congenital defects drawings of 39* 
in epidermoidoma. 96* 
fracture 70* 71* 72*-73* 

In osteogenesis imperfecta 1041* 
rubber band supenmposed on 225* 
In syphilis 80* 
veins of 27* 28* 
inviscerallarvainigrans 61* 
peine 

normalvascutarmarkings 721* 
osteitis 747* 
pubic (see Pubic bones) 
rarefaction 964*965 
round stress fractures and 
defortmtieBOf 1148*1185 
sclerosis 965 
spbenmd 120-121 
fibrous dysplasia of 86* 
synchondrosis of 120* 
spotted 1059-1061 
supraoccipital accessory bones of 
18* 

suprasternal in adult 268* 
sutural juvenile 23 32, 35 
tarsal (see Tarsal bones) 
temporal 111-120 
anatomy normal 111-113 
curved section of 112* 
diseases of llS-117 
neonatal, 113* 
pneumabzation 113-115 
roentgenographicfeaturcs 112 * 
surface projection 111 * 
thoracic wall. 267-285 
transverse lines of Park (see 
Transverse lines of Park) 
in tuberculosis 1199-1202 
tubular 

(See also long above) 
lamellar anangememin cortex of 
873* 

macroscopic components of 875* 
tumors (see Tumors bone) 

Wormian 13*-14* 31* 32* 33* 
ossificationcenterln 11 * 
vrrUt (see Wrist bones) 

Bonnsvtz Ullwch disease causmg 


skeletal changes 1312-1314 
Bowel 

dilation in appendicitis 706* 
in enteritis stenotic regional 667* 
lymphosarcoma, 702* 
pseudoseparalionofloops 547* 
smaD 

duphcahon 1507 1510* 
gas 1482* 

Innewbom 1502-1511 
obstruction inneidiom 1480* 
Bowing pbematal of long bones 
994-998 

schematic drawing of pressure and 
tensitmin dS)6* 

schematic drawmg of probable faulty 
fetal positions in 995* 

Bowleg 1185 1189 
conversion to knock knee 1187* 
Brachialanciocrafky 168* 
Biiachuan m Lance svNoaoME 
1072-1073 1074* 
Brachvmesodactyly 1325 
fiBAiDsoFHAia as artifacts 1576'- 
1577* 

Brain 1SI-2I9 
abscess 196-197* 
anomalies 

corpus callosum absence and 210* 
vessels 212-219 
enlargement in Canavan s spongy 
degeneration 185* 
growthof 143-149 
metastases 187* 
scanning(see Scanning brain) 
tumors calvanain 148* 
ventricles 

age dependent changes in. 160* 
anatomy 152-160 
cystof 193* 

pneumoencephalography 156' 
vessels aoomahes 212 219 
BRANCKiALAitCHES cervical Structures 
derived from 231* 

Branckulcleftctst thyroid 1423* 
Breast 

adolescent supenmposed on thoracic 
wall 261* 262* 
pigeon 252 

Breech deuVerv hydrocephalus 
after 182 * 

Brodies abscess 1197* 

Bronchi 
adenoma, 374 
anomabes congemtal 305 
arteries anastomosing arteriography 
of 1407* 

aitenography 1407-1408 
asthma 309 311 
atelectasis in 310* 
atresia in newborn 1466 
-esophageal communication 1491 
growth compansonof prenatal and 
postnatal 1437* 

during inspiration and expiration 


lesions inpulmonaiT tuberculosa 
404* 

neoplasms 314 
normal 297 

obstruCtiODS 325 326—339 ^ 
pneumatocele due to 339* 
pathologic changes 308-314 
tracheal 307* 


wall in pulmonary tuberculosis 403* 
BroNCKIAL-BILIARY FISTULA 1531- 
1533 

Eronchiectasis 311-314 
atelectatic compensatory 313* 
blob ofHodson and France in 
cystic fibrosis of pancreas 364* 
cavities in 373* 
compensatory in pulmonary 
tuberculosis 413* 
cylmdrieal.311* 
honeycomb lung of 310* 
saccular 312* 
bronchography m 313* 
segmental congenital, 305 306* 
Bronchiolitis thymus after 445* 
Bronchobsophagealfistula.317- 
318 

Bronchogenic CTST 378* 440* 
Bronchography 309* 
of biliary bronchial fistula, 1533* 
in bronchiectasis saccular 313* 
emphysema 1464* 
in respiratory distress syndrome 
1448* 

tracbeobihary fistula. 566* 
Bronchopneumonia 
chronic 360 
interstitial, 355-360 
lutiogendiowde 371-372 
Bronchopulmonary communication 
322* 

Bronchopulmonarydtsplasia 1448* 
Bronchopulmonary foreout 
ANOMALY 321'-322* 

BUCMT HANDLE DEFORMITY OP 
TBIA 1137*-1138* 

Bulls-eyy pattern in vertebral 
calcification 1386* 

Burutt s TUMOR mandible In 126- 

127 

Bursa nonnal structures 1329* 
Bursitis 1336 

Eutierfly deformiyy of vertebral 
body 1363* 

Buttocks 

calcium gluconate in 864* 
penctlin soft tissues of 665* 

Button as artifact 1565* 

Buzzing relly button 1412* 


C 

CafR Au LAIT PATCHES and 

neurofibromatosis 1270* 

CafFET KzMPE SYNDROME 1132-1148 
CalCANCOVALCUS FOOT 983 
Calcaneus 918 922 
apophyses 91S*-9l9* 
in Bro^e s abscess 1197* 
coalition with cuboid 986* 
epiphysis stress compression of 1171 
fracture 1120* 
false 920* 

ossification centers double 920* 
pseudocysticcirclein normal 922* 
roentgen appearance normal, 919* 
sclerosis and 919* 920* 963* 
secundanus 920* 921* 
Calcification 
(See also Calcuh) 
abdominal wall. 546 
in myositis ossificans progressiva, 
545* 
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CxLcincATiON [Cent ) 
adrenal (see Adrenal (s) 
calcificanonl 

appendicolithm appendicitis 706* 
in astrocytoma, 133* 
of cartilage 1346-1347 
cerebrum (see Cerebrum 
calcification) 
choroidal plexuses 131* 
cramum (see Cranium calcification) 
indermatomyositis 858* 
disks 1385-1386 
in ductus arteriosus dilatation 495 
of extremities (see Extremities 
calcifications) 
eye 140-141 
falxcerebn normal 131* 
m hematoma, suprarenal 814* 
in histoplasmosis 422* 
of joints 1346-1347 
kidney nh simulating 1576* 
larynx 308* 
cartilages 230 
ligaments 
interclinoid 132* 
petroclmoid 133* 
stylohyoid 229* 

stylohyoid physiologic 229^230 
liver 

in granuMmatosis 559* 
in newborn 1S33 
In visceral larva migrans S59* 
lymph node*, abdominal 57e*-577* 
InlymphademCia 409* 
in lympbanglus 409* 
after measles encephalomyelitis 857 
mesenteric cyst 575* 
of muscle after poliomyelius 8S7 
neck physiologic 229-230 
In neuroblastoma, renal 807* 
nucleus pulposus, 1386* 
overcal^canon (see 
Overcalclficabon) 

Pacchionian bodies 131* 
pancreas in dwarfism, 572* 
penbursalidiopathic 1347 
inpencazditis constncdve 531* 
pine^body 130* 
in polyp, jntracardiac 534* 
severe traumatic fragmentation of 
provisianal rones at 6 months 
1135* 

in Sturge Weber syndrome 134* 
of teeth schemaacTepceseatatJon 
122 * 

thyroid cartilage 229* 
trachea. 308* 

in tuberculoma intracerebral 134* 
tuberculosis (see Tuberculosis 
calcification in) 
undercalcification (see 
UndercalciScaoon) 

Calcinosis 
circumscnpta, 852* 
interstitiahs 852" 
ofkldney 796* 
tumoral 1346*-1347* 
universalis 851-852* 853* 

Calcium cluconate 
in buttocks 864* 
in soft tissues at elbow 864* 
for tetany in newborn 863* 

Calculi 

(See also Calcification) 


bihaiy Inhemolydc anemia. 567* 
bladder 795* 
oxalate stone 796* 
intrapelvic 795* 
kidney 796* 
pelvl* 797* 

nb hypoplasia resembling 798 * 
staghorn 795* 
ureteral shadow due to^ 793* 
urinary 795-798 
Caux normal, 758* 

Calvama 
asymmetry of 98* 
in brain tumor 148* 

In cephalhematoma 63* 
defect electrode paste simuladne 
1580* 

depressions congenital 67-6g 
drug reactions in 96 
in dystrophy polyostoacfibnms 85* 
in Elngelmanns disease 1064* 
in epilepsy after Dilanon 97* 
fractures (see Fractures calvaria) 
granuloma, eosinophilic 95* 
inhypetphosphaiasemia, 1233 1234* 
in non defiaency anemia. 91* 
InKennydwarf 1079*-1080* 
inneuroblasioma. adrenal 608* 
osteomyebus hematogenous 76* 
mosteopeirosis tarda. 1038* 

In polycythemia. 92‘-93* 
relabODship to great sutures 34* 
synosiosisof prematort 41* 43 * 
in tuberculosis 79* 

CALVt 

osceochondniisvertebtalis 1377* 
vertebra plana (see Vertebra plana. 
Calve) 

CASirTOPACTYLY 1181 
Canavan a spoNCYPCCBNcaAnoN 
venrrlculograpby in. 185* 

Cancer 

extremities 1267-1279 
ovanan meiastaac to lung 378* 
Cannon a level in normal cc4on 
677* 

CaPITELLum 907* 
humerus osieochondiosisof 1176- 
1177 

CaPUTsvcceoaneum 61 
Car seat >eltiniuues (see 8eat belt 
uvunes) 

Cakbokturatz metabolism 

ABNOKMALiTT and dstaiSsoi 
572* 

Carbon sioxide contrast studies in 
newborn 1431-1435 
Carbuncle 600 801 
Carcinoma 
colon 7I0-7I1 
liver anenography in 1406* 

Carpuc (see Heart) 
CARtnoAHciocRAnivCree 
Angiocardiography) 
CaRDIODIAPHRACUATIC ANCLE light 
in pencanhal effusion 531 
Cardiohecalt 
factitious 472* 
fistula and intracranial 
arte n ovenous 476* 
fusicm of thymic and cardiac images 
to suggest 470* 
goiterand 477* 

Iungscanin,l425* i 


pleural effusion and tachycardia, 

pulmonaryedema and 324* 
thymusand 451* 

Cardiomyopathy 532* 
obstructive 532 
m diastole 533* 

Cardiospasm 597 598* 
Cakdiothorack tfroEX 470-473 
CaRDIOTHYMIC IMAGE 451* 
Caroticocavehnous sinus fistula, 
213 

Carotid aneurysm 214* 

Carotid angiography (see 
Angiography carotid) 

Carotid artery loopmg 216 
Carpal BosfES necrosis 1178* IIW*- 
1180 
Cartilage 

in arlhntis rheumatoid 1338* 
calcification of 1346-1347 
discoid ofknee 1332 
epiphyseal ofmetacarpals 898* 
in exostosis (see Exostosis 
cartilaginous) 

hairbypoplasiaof McXusick 1035 
plate 875* 

epiphysis and metaphysis of 878* 
injunes 1129 

liyunes classificaOon by Salter and 
Hams 1130* 

injunes offemur 1125-1126 
1131* 

longitudinal section 876* 
lonptudinal section (mpuppy) 

877* 

normalitructure 674* 
of ulna, 903* 

Cast 

inosteomyelitii muscular atrophy 
after 872* 

plaster body uiscohosis duodenal 
obsmicQon after 660* 

Cat SCRATCH FEVER 1204* 

Catheter 

Foley inagangbonosis 1514* 
in respiratory distress syndrome 
1446*-1447* 

Catheterization 
cardiac 465 

umbilical safetyof 1412-1413 
Caudaequina bpoma,221* 

tepO pellucidj 157' 
vehinteiposib 158-160 
vergae 158* 

Cavusfoot 988 
Cecum 

in pul in appendix 703* 
in ulcerative colitis 704* 
in colonic cotalionfailure 636* 
failure of fixation 660 
fecalmassin 713* 
filling defect 

coiled retrocecal appendix causmg 
704* 

due toinvaglnaled appendiceal 
stump 706* 

ileocecal intussusception (see 
Intussusception Ileocecal) 
ileocecal tuberculosis 670* 
ileocecal valve implanted on 678* 
lymphoma, 703 
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malrotatlon 1506* 
inimdgutrotation errors 680* 
volvulus 680 
Ceuac disease 
megacolon of 697-698 
tibia and fibula undercalcificaQon 
and rarefaction in 964* 

Cell(s) 

giantcelltumorsofbone 126S-1266 
sickle (see Sickle cell) 

Celluutis pyogenic 857 
Centers or CHoNDRiFiCATioN 1352 
Central nervous system (see 
Nervous system central) 
Cephalhematoma, 58-61 
anatomic changes in 59* 
calvanalthickemngdueto 63’ 
cysthke residues of 64* 
deformans 61 
parletalis 65* 
double 61* 
forceps causing 64* 
internal and hyperostosis 67* 
parietal bilateral S9* 
subperiosteal ossifying 63* 
Cerebellum 
astrocytoma, 190’ 
hypoplasia, 204-206 
medulloblastoma, 181* 189* 191* 
1279 

metastatic 1282* 

synchondrosis Towne projection 16* 
tumors 139* 

Cerebrospinal fluid 
flow after calvanal fl-ECture 67* 
normalproduetion 173 
obstructionofflow 17S-176 
overproduction 17S 
reahsorptionlnipamnent 182-183 
Cebesruh 

angiography 167-170 
in abscess 197* 

aBOTSialies congenital 202-210 
atrophy 202-203 
unilateral 204* 
calcificauon 

after prenatal rubella 138* 
in toxoplasmic encepbahtls 13S* 
panosm 97&-977 
hemihypoplasia. 69* 
traumatic 206* 
hypoplasia 202-203* 
unilateral 204 205*-206* 
Moyamoya vascular disease 217* 
tuberculoma, 134* 

Cervical PZDicu congemtal absence 
241 

Cervical rib scalene syndrome 
241-242 
Chalasia 

of esophagus 600-601 
in newborn 1489-1491 
Chemical poisons pulmonary 
reactions to 370-371 
Cherubism 128*-129* 

Chest (see Thorax) 

Chewing cum in hair as artifact 
1578* 

Chicsinyox pneumomacomphcating 
359* 

CwLAiDm s syndrome 558* 
Children granulomatous disease 
liver scan in 1428* 

Chloroma. 1291* 


Ckoana atresia, 102’ 1440* 
Crolanciocrapht 
m bile in gallbladder 1532* 
in bihary atresia 1532* 
hepatitis and 563* 
Cholecystitis 566* 
Crolecystocrapht normal 563* 
Choledochalctsts 565* 1427* 
Cholesteatoma 118* 

Cholesterol 
hporeticulosis 1297* 
reticulosis 94* 

Ckondripication centers 1352 
Chondroblastoma benign 1258- 
1261 

Chondrodystrophy cALciFicANs 
congenita 1008 1012 
feetin 1009* 
femurin 1009* 
handstai 1009* 
neckin 1010* 
patellain 1009* 
pelvis ID 1010* 
thorax in 1010* 

Ubiain 1009* 
vertebrain 1010* 

Chondroectodbrmal dysplasia {see 
Elhs Van Creveld syndrome) 
ChONDBOITIN B SULFATURIA 1055 
1057 

heparaimand 1055 
Chondroma 

benign solitary 1249 1253 
penosiealjuxtacorucal 1256 1257 
Chondrokatosis 1018-1025 
external 1018 1025 
exostosesin 1021* 
ulnam 1022* 
hereditary 281* 

internal 1024* 1025 1026* 1028* 
CKONDROMYXOIDFnROMA 1257 1258 
Chondrosarcoma 
cential 1250 
penpberal 1250 
primary 1250-1253 
Chondrosternal prosiinence 
congenital 252 
Chorioretinitis 137* 

Choroid plexus 
calcificauon 131* 

papilloma ventnculographyof 192* 

venmeularpuncturcmjuting 166* 


SBOMOSOSff 

aberrations causing skeletal changes 
1312 1317 

sex pattemofXY KO 843* 

Crtsomy (see Tnsomy) 

aYLE FILLED SreSENTERIC CYST 

lyjnphangiograpbTOf 1422 
iTYLOPCRITONEUM 549 
aYLOPNEUMOTHORAI 396* 

sylotBorax 396-397 
tension 396* 

HYLOUS 

ascites 1537* 

lymphangiographyin 1420 1421 
pleural effusion mnewbom 1459* 
INtANGIOCARDIOCllAPBY ofduCtUS 

Ijomp innovtbom 1454* 

inEctstourethrocrapkt mmeatal 


CinEfluorocraphy 
of heart 463 464 
In pulmonary slmg 487* 


Circulation 

in coarctation of aorta, 489* 
in Eisenmengers syndrome 518* 
lungs disturbances 323-325 
Cirrhosis splenoportography in 570* 
Cistern 160-163 
fluid ongin pathways anddirecaon 
of flow 162* 

Interventriculans 158-160 
subarachnoid 
anatomyof 161* 
schematic drawing 162* 

Clakf for bead sponge as artifact, 

1583* 

Clavicle, 270-275 
bony spurs m rheumatoid disease 
275* 

in cleft sternum 269* 
fracture 272* -273* 
in hyperparathyroidism 1305* 
in infantile cortica] hyperostosis 
274* 1214* 

in mucopolysaccharidosis 1 1032* 
ossification centers in 272* 
inPyle 8 disease 1070* 
rbomboidfossaln 271* 
supernumerary left 272* 

branchial cyst thyroid 1423* 
corona] cleft vertebral bodies 1362 
1364* 

Milkman s 1309* 
siernum 269* 

Cleidocranial DYSOSTOSIS 53 54 
55* 1059 

CUNODACTYLY 1161 
Clots blood ureteral shadow due to< 
798* 

Clubbing 

feet 

congenital 988 

mdwaiflsm diastnphic 1019* 
in eyndiome of mulaple anomalies 
790* 

hand 980* 

CNS (see Nervous system central) 
Coarctation OF AORTA 488-494 
circulation in collateral aneiial 489* 
costal erosions In 490* 
postcoarctectomy syndrome S3? 
Coccidioidomycosis pulmonary 421 
Cockayne 8 syndrome 1073 1075* 
Coin 

as artifact 1531* 
in esophagus 235* 

Cold excessive causing bone lesions 
1082-1063 
Colitis 
amebic 701 

neurogenic megacolon and 669* 

sigmoid 701* 

ulcerative 

abscess and pericecal and 
pencohc 704* 
advanced 699* 
backwash ileitis and 700* 
nonspecific chronic 699-701 
pseudopolyposis and backwash 
Ueias In 699* 
pseudopolyposis and 
retroperitoneal fibrosis 700* 
Collagendiseases lungsln 369 370 
Collimator In excretory urography 
762* 
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adenocarcinoma, 711* 
airin diagramshowinglocalization 
of 1482’ 

ascending failureof fixation 6S0 
atresia, 681* 1530 1531* 
carcinoma, 710 711 
in Crohn 5 disease 668* 
descending normal filling of 
intestinal glands In 678' 
dilatation segmental 697* 693 
diverticula, 698 699 
duplications 684 685* 714* 1525- 
1530 1553* 
fecalmassin 713* 
filling defects and 

dysgammaglobulinemia, 712* 
hyperplasia, lymphoid 711 712* 
mgested dm In 708* 
in leukemia 702* 
malrotation causmg duodenal 
obstruction 654* 
inneivborn. 1511 1531 
normal, 674* 

Cannon 8 level In 677* 
delineated by banum enema, 675* 
juvenile 674* 
neonatal 674* 

structural components of 676* 
nonnalvanaQonof 679* 
perforation 
ascites and 1399* 
in cysoe fibrosis 1507 1509* 
polyp in 709* 
polyposis 720* 
m siblings 708* 

rotaoonfailure jejunum and cecum 
in 636* 

sigmoid (see Sigmoid) 
surgical graftinmediasnnum 434* 
swallowed aiT normal distnbuaon in 
newborn 578* 

in tuberculosis ileocecal 670* 
Colostomy in eoUns and neurogenic 
megacolon 689* 

CoHicBooE STAPLE as aTof act 1583* 

CoNSYUUt CANALS 19* 

Constipation 

Inmgestiondirtlncolon 706* 
megacolon and neurogenic 688* 
Contrast material dnedonxiay 
table as artifact 1584* 

Contrast visualization of heart 465 
Convulsions neonatal adrenal 
calcification after 813* 

Cooley’s anemia (see Anemia, 
Mediterranean) 

Cofrolith appendiceal 702* 

Cor 

pulmonale 528 529 
tnatrlatum 508 
tnlocularebiventnculare 497 

CORACOIOPROCESS 276* 

Cord (see Spine cord Umb heal) 
Cornea in mucopolysaccharidosis 1 
1047* 

Coronal SUTURE 
facetious widening of 33* 
supenmposed on occipital squamosa, 
17* 

synostosis of premature 40* 47* 
Coronary 

artenovenousfistula,491 493* 
artery 


left, anomalies 491 492* 
rupture by epmephnne injection 
1433* 

sinus flsnilouscommunication with 
ngbt ventricle 493* 

Corpus callosum 
absence 208 * 
arachnmd cyst and 209* 
complete and brain abnormalities 
210 * 

agenesis 208 210 
bpoma.138* 139 209* 

Cortical TMicRENiNcs traumatic 
1129 1131 
CosneosTEftftfos 
adrenal (tee ACTH) 
thymic atrophy due to 447* 

Coxa 

indwarfism diasirophic 1020* 
aciiuired 1165* 

anterior segmental Involvement 
1158* 

earlydislocaaonpbase 1152* 
early fracture stage 1155* 
early radiographic findings In 
1153* 

essential earlyfracnire stage 
1154* 1155* 

essenoal retarded skeletal 
maturanonin 1150* 
essential sclerosis andflaitenlng 
lallSS* 

familiaL In i hree generations 
MSI* 

frogposidon 1158* 
after hip dislocation treatment 
734* 735* 

hypolbyrcndismand 1301* 1302* 
idjopathic differenaal diagnosis, 
1287* 

Intraep pbysealgas ttSS* 1159* 
metaphyseal defects 1159 1161 
Perthes 1161' 

sclerosis and flattening in 1155* 
valga.748 750 

In Srachman de Lange syndrome 
1074* 

of femur 730* 

rheumatoid arthnus and 1345* 
schematic drawing of 748* 
vara. 748 750 990* 
acquired 1165* 
bilateraL749* 
rachioc 749* 
schematic drawing of 748* 
Craniolacvnia 35 37* 
Craniofhartncioma. 148* ISO* 
pneumographyof 193* 

CnANlosctiisis(seeCraiuum bifidum) 
Craniostenosis 
bracbycephahc type 42* 
head and face in, 41* 
imcrocrphahc type 46* 
oxycephahetype 45* 
scaphocephalictype 44* 
Craniostnostosjs 
generalized inarcetlation''operauon 
for 47* 

premature 40 SO 

bracbycephahc type 42 
dtdicbocepbabc type 42 
Cranium 

adult, compared with newborn r 


aneurysms 214 215 
arteriovenous fistula and 
cardiomegaly 476* 
bifidum 35 
encephaloceieand 35 
Intrafrontalandinterpanetal 36* 
occul[um,37* 
at birth 4* 
calcification 

elastiebandsimulating 1578* 
electrode paste simulating 1579* 
glue as artifact. 1590* 
hairbraidimstakenfor 225* 
pathologie 133 141 
physioiopc 130-133 
depressions congenitd 68* 
enlargement In Canavan s spongy 
degeneration ISS* 
extracranial stiuetuies 224 225 
growth of 143 149 
hemorrhages associated with closed 
headiiuunes 198* 
hypertension benign intracranial 
141 JS3 

ventnculographyin 183* 
increasedintracr^alpressure 141 

Individual struclum 99-129 
intracranial structures 130 150 
in iron deficiency anemia.91* 
mineralizahoa normal irregulanQes 
962* 

sutures and fontanels as 
lynarthresei 1326 
iniyphilis 79 SO* 61* 
teratoma. 137* 
turners 149 150 188 196 
'Crescent sicn In hydronephrosis 
787* 

Cretinism 

extreminesin 1301* 1302* 
hipdislocanonin 732* 
skuUin 84’ 

spondylolisthesis In 740* 
Cricophaeynceal achalasia 
nasopharynx in 586* 

Cri PU CHAT SYNPROME extremidesln 
1315 

Cristacalli fibrous dysplasia of 85* 
Crohn s disease 667 668 
Crouzon s disease, 48* 
Cryptococcosis lungs m 420 
Cryptorchidism and abdominal 

muscle congenital absence 793* 
Cuboid 92S 

coalition with calcaneus 986* 
mineralization 926* 

CuNEiroRMS 925-927 
fusions congemlal.9S4* 
irregulardensines 927* 
irregular growth and ossification of 
U7I* 

Cupping OF HETAPRTSxs traumatic 
1129 1131* 

CUSKINC S SYNDROME 

extremines in. 1310- 1312 
vertebraln 1392 1393 
Cutis cyrata. 1323 
CVAMELLA.940' 

Cyanosis and congemtal heart 
d sease 509-524 
CtstCs) 
arachnoid 
congenital, 196 
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corpus caUosum absence and 209* 
Bakers 1336* 
biliaryduct, 564* 
bone 

aneurysmal. 1259*- 1262 
ofexttenudes 1253-1256 
bronchogenic 378* 440* 
choledochal 565* 1427* 

Dandy Walker 178*-179* 
denttiid 

frontalbone 225* 
nose 101 103* 
duphcaUon 1468-1469 
femur 1254* 
aneurysmal, 1260* 
fibula, 1255* 
aneurysmal 1261* 
postfracture 1132* 
gastnc 595 

hemangiomatous 1261-1262 
humerus 1254* 
joints 1346 

kidneyfiee Kidney cystic disease) 
knee 1348* 

leptomeningeal pulsating 74*-76* 
lung 338-339 
congenital 319-320 
hydatid 380 
mandible 135-126* 
mediastinum 438-441 
in newborn. 1443* 
mesenteric 574* 
calcification of 575* 
chyle>filled lymphangiography of 
1422 

metacaipals 1255* 
aneurysmal 1360* 
neurentenc 642-644 
gas-filled 1510* 
meningocele and 1468-1469 
nose dermoid 101 103* 
pencardial celomic 443 
phalanges 12S5*-1256’ 
pharyngeal pouch persistence 
causing 231* 

pneumaCoceleresembling 337* 
popbteal 1336* 
pcw/wfune <ff£bt/!s. 1132‘ 
retention and maxUlaiy sinusitis 
109* 

septum pellucidum. 157* 
spleen. 1428* 

nephrotomography of 1401* 
after trauma, 569* 
suprasellar 149* 
thymus 456 

thyroid branchial cleft, 1423* 
trigonal 784 
urachus 782* 
ventncle of brain 193* 
vertebra 1395 
aneurysmal 1260* 

CtstIC AnENOMATOm ANOMALIES 

congemtal 1466-1468 

Ctshc DISEASE rcnaJ congenital 
774* 775 

Cystic hbrosis (see Fibrosis 
cystic) 

Cystinosis extremltiesm 1319 

Cystitis 801 
cystica. 804 

Cystography 766-768 
in abdominal muscle congemtal 
absence 794* 


of fistula, rectoprostatic 1526' 
of hymen unpeiforate 633* 
innewbmn 1544-1545 
patent urachal remnant 782* 
retrograde 767* 

in trabeculaied bladder and reflux 
790* 

in unnary infections 803* 
of vagina giant 1527* 
CrsTOUREniROGRAPHY 
aiufactsin 1586* 

Ascendent Lipiodol in 768' 
mEagle-Barrettsyndtorae 1555* 
of genital tract 8^ 
of vagina) foreign body 822* 
voiding m Hutch diverticulum lYith 
reflux 783* 

Cytomegalic inclusion disease 136 
137* 

ascites in 1399' 


Dandy Walker SYNDROME 177-IW 
cyst in 178* 179* 

Deformittes (see Anomalies) 
Dekydration and inaavenous 
pyelography 1543 
Oentalarch growtbof 104* 

DERStAL SINUS congenita) $0 
Dermatomyosiyis 858 659 
chronic progressive recurrent 659* 
DEVELOPMENTorsoNES alteraQonsin 
976 977 

Dextrocarpu 481' 
extrinsic 481 
intnnsic 481 

situs inversus and complete 480* 
OlASETES 

insipidus andpinealoma 195* 
melLtus 

cysuc fibrosis and 572 
vtcaminDpoisoningand 1248* 
DiAPHRACM 285 296 
abscess subdiapbragmatic 548* 
bulge congenita) 286* 
defecLskinfoldsimulating 1588* 
disp/acemenfs 3SS-299 
dupLcation 286 * 

acelectasissimulating 287* 
emphysema 1457* 
eventration 289* 442“ 443 
CO.contiastsludiesin 1434* 
Innewbom 1460 1464 
hemla(see Hernia diaphragmatic) 
hypenropbic Individual muscular 
bundles 287 288* 
movement causing cardiac shadow 
changes 468* 

mucosal esophagealobstnicUondue 
to 594* 

paralysis and elevation 288* 
pathidogic congemtal defects 

schematic representation 290* 

scalloping 288 * 
lenting 288* 
windsock 1500* 

Diaphyseal DVSPi-ASiA progressive 

1063 1066 

Diaphyseal SCLEROSIS hereditary 

mulbpte 1066 
Diapkysis 

growth units <d 874* 
normal structure 873 


tuberculous 1201* 1202 
Diarrhea 

chrome abdomen in 659* 
m Crohn 8 disease 668* 
Diarthroses 1326 
DtASTEMATOMYEXlA 1366 
morbid anatomy of 1366* 
myelography in, 1366* 
radiologic findings in 1366* 
Diastomyexu complete form of 
1367* 

Diencephalic syndrome or Russel, 
50 

Digestive TRACT S78-714 
fetal function. 578-580 
Dicit(s) 

aplasia, 980* 
afterdooTuyury 1146* 
mEUis-VanCreveld syndrome 1017 ' 
fractures 1087' 

gianbsraandlipomatosisof 851* 
in hypeiphosphatasemia, 1234' 
hypertrophy 982* 
hypoplasia, 9S0* 

orodigitofacial syndrome extremities 
in 1315-1317 
oversegmentation 983* 
segmentation failure 983* 
in spina ventosa. 1202* 
Dicital-oto-palatal syndrome. 50 
Dilantin in epilepsy ealvana after 
97* 

Dimxlia ulnar 989 -991 
Dipkznylhtdantoin in epilepsy 
calvaria after 97* 

Diploic space 
in microcephaly 144* 
sarcoidosis 79 80* 

Dirt ingested in colon 706* 

Disks 

calcification 1385-1386 
destruction after lumbar puncture 
1376* 

loss of space after trampoline injury 
;376* 

norma] schematic drawing 1385* 
trauma, 1376-1377 
Dislocation 

-fracture at elbow 1098* 
hip (see Hip dislocation) 
patella, 1123* 
congemtal lateral 1332 
phaseofcoxaplana 1152* 
radialhead partial 1095 1102 
vertebra 1372 
Diverticulum 640* 
bladder 782 783 
Hutch 783* 

calyceal urography of 777* 
colon 698-699 
duodenal mtraiuminal 1500* 
esophagus 599 
gangrenous 613" 

Meckel s 635 637' 1507 15J0*- 
2511 

pharyngoesophageal 593* 
ureter in pyuria, 779* 
urethra, 784 
innewbom 1553* 
ventncle left 509 
Doll s arm as artifact. 1581* 
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Double bubble sign In duodenal 
atresia, 1495* 

Down s SYNDROME 144-145 741-742 
duodenal atresia and 639* 
duodenal stenosis and 1520* 
megacolon and agangliomc 687* 
pelvic changes in 741* 
pelvic measurements in 742* 
Drainage TUBE 
byperostosls after £84’ 
rib lesions after £84’ 

Drug REACTIONS mcalvana,98 
Ductus arteriosus 
anomahes esophagus and tracheain, 
1471 

dilatation calci£catian m 495 
patency of 494-495 
In Eisenmenger’s syndrome S18* 
mediastinal widemng and 511* 
DucrusBUMP in newborn, 1453- 
1455* 

Du»AiiCELOPERATiaN Inmegacolon 
694* 693 

DuHAKEL a TECHNIC in esophageal 
atresia with tracheoesophageal 
fistula, 588* 

Duodenojejunal PLEXURE 636* 
DuoDENOjejUNOSTCsfy Induodenal 
obstruction 634* 

Duodenum 
anatomy normal 60S* 
at4years 610* 
atresia 

Down s syndrome and, 639* 
Innewbom 1486* 1495* 
course variations in 636* 
divertieuluin Intraluminal, 1500* 
foreign body in 672* 
inileicis terminal, 667* 
mal^BQon Innewbom 1495-1499 
malrotanon in newborn 1495-1499 
innewbom, 1495-1499 
normal roentgen appearance 627- 
628 

obfirucrlon 654* 
annularpancreas causing 650* 
complete 655* 
complete due to volvulus and 
colonic malroiaaon. 654* 
Incomplete 634’ 638’ 
incomplete afterplasterbodycast 
forscobosis 660* 
incomplete duetovolvulus 654* 
pancreatic hematoma causing 
661* 

third portion Incomplete 648*- 
649* 

third portion transitory and 
intermittent 634-635 
tottil 1500* 

total, in newborn 1496* 1497* 
polyposis 672* 
position varlations>n,636* 
stenosis and Down s syndrome 
1520* 

trichobezoar in. 623* 
ulcer 621* 622 

wall, traumatic hematoma of 660* 

In Whipple 8 disease 634* 

DuiT pulmonaryreacaons to 372 
DWARTISM 976 

carbohydrate metabolism 
abnormabty and 572* 
diastrophic 1018 1019*-1020* 


kyphosis and spondylolisthesis in 
1369* 

Elba Van Creveld 1440* 
familial beinivertebracausing 
1361* 

fetal. 1073-1076 
*^rd headed type 1075* 
intnnsic miscellaneous 1071-1062 
in Jansen s metaphyseal dysostosis 
1031* 

Kennydwarf 1076 1078-1080* 
mesomelic 1007-1008 
melatiophic 1003-1005 1006* 
^tuitary 1310 

Robinow Silverman Stmth 1081- 
1082 

RutnnslemTaybl 1076 1077*- 
1078* 

semie 1071-1072 
S L-O 1076* 
thanatophonc 1081 
twisted 1018 

Dyee-Davidopp Masson syndrome 
205* 

Dysautonohu 
Koehler's disease and 1166* 
lungsln 364-365 

OrSCEPHAUC SYNDROME OP DtAN^OIS 

49 

Dyschondroplasia 
beredicarydefonning 741 
Other’s 1024*-1025 1026*-!028* 
DtschondrostRose 1007 
Dyschondrosteosis 1007-1008 
Dyscammaclobuunemia andcolomc 
fiUingdefeccs 712* 

EIyscenesis 

gonadal causing tkelecalchanges 
1312-1314 

ovarian causing skeletal changes 
1312-1314 

seminiferous tubules 1314 
DtsHEMoctoBiNOSES Inheniable 
1283-1264 
Dysmewa 979 
Dysostosis 

cleidocraiuaL53-54 55* 1059 
Crouzonsberedilarycranlofacia] 48 
facefseeFace dysoslosisy 
metaphyseal. 1364* 
handsin 1032* 
beadm 1032* 
of Jansen 1030-1035 
ofjansen dwarfismfn 1031* 
of Jansen hckelslikedefonmties 
m 1031* 

of Kozlowskj and Zychowicz 1034* 
legs in. 1033* 

rickeislike deformities in 1033* 
vmslsin.1032* 
multiplex (tee Gargoyhsm) 
penpberal 1012-1013 
feeHn.IOI2* 
handsin 1012* 
spondyfomecaphyseal 1007 

brancbopulmonary 1448* 
cartilaginous congemtal, 998-1037 
cbondroeclodeimaKsee EUis-Van 
Creveld syndrome) 
craniotelencephahc 46 48 
diaphyseal, progressive 1063-1066 
epiphyseal multiple 1025 1029* 
epipbyiealis hemimelica, 1030* 


Fairbank, 1030* 
fibrous 

bone localiredormonostodc 
1062-1063 
ofcnstagaUi 85* 
inextremities 1264-1265 
offaaalbone 86* 
polyostotic 1061-1062 
skuUm 85-66 
of sphenoid bone 86* 
of squamosa, frontal 85* 
tibia,993* 

hereditary ectodermal mandiblein 
127* 

hip dislocation and 731* 
mtnnsic congenital, 998-1071 
kidney 1566* 

pyelographyln innewbom 1401* 
ureteral ectopia in vas deferens 
and 780* 
mauUonasal, 48 

Meyer’s femoralhead. 1161-1167 
occipital, congenital 40 
pulmonary faraibal fibrocystic 380 
skeletal congenital skull la 53-58 
skull congenital 35-58 
spondyloepiphyseal. 1006-1007 
pseudoaebondroplasOctype 1366* 
tarda. 776* 

systemic vsrtebrain 1369-1371 
teeth in Elhs-Van Creveld syndrome 
1016* 

Dystrophy 
chondrodystrophy (tee 
Chondrodystrophy) 
muscular 

ofextreml&es 668-670 
pseudohypertrophie 671* 
penosteal congerutal,1037-1044 
polyosionc fibrous 82-65 
calvanaift 65* 

skeletal, intnnsic generahred 740- 


Eagle Barrett SYNDROME i 

1554-1556 I 

cystourethrographyjji 1555* 
scanningin 1431* 
technetium 1546* 

Ear 

bladderears "760* 1543* 
in dwarfism diastrophic 1019* 
ui Rubinstem Taybi dwarfism, 
1077*-1078* 

Earring asarofact, 1580* 

Ebstein’s ANOMALY oftncuspldvalve 
518-520 

EcHOB-scAN in neuroblastoma 1432* 

EcfOENCEPKALOCRarhy 172-173 
abnormal 173* 

In hydrocephalus 175* 
normal, 172* 

Ectasia renal tubular innewbom 

Edema 

pulmonary 323-325 
KerleyBlmes 480* 
pulmonary vein stenosis causing 
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Ehlers DAm.os stnsbokz, 8^-655 
Eisenmenger's stt<dbome circulation 
m,5I8* 

Elasticbano asarofact, 1576* 

accessory ossicles at, 909* 
in arthritis, rheuinatoid, 1345* 
bones of, anatomic variations, 904- 
912 

calcium gluconate m soft tissues at, 
864* 

in dwarfism, diastrophic, 1019* 
fat pads, displacement of, 1095 
fracture-disiocaoon, 1098* 
frontal projections, 907* 
hemangioma of, 850* 
mherm arthrosis, 1293*- 1294* 
ossification centers. 906* 
secondary, 893* 

EtEcTWCAtpoTENTiAi, Inbone, StTCSS 
effects of, 1082 

Electkical TRAUMA tobone, 1082 
Euctrodepaste as artifact, 1579*- 
1580* 

ELECTROENCEPHAtOGRAPHY 

electrodepaste 

sfmulatingealvarialdefeet, 1580* 
simulating cranial calcification, 
1579* 

Images from paste on scalp, 225* 
Elus Van Crzveld dwarjisk, 1440* 
Eiiis Van Cuvzns syndrome, 
1014*-1018 
chest in 1017* 
dental dysplasia in, 1016 * 
eatemal appearance in, 1014* 
hand in, lon* 

Polydactyly in, 1015* 
radius in, 1016* 
shank in, 1016 * 
syndaciyly 18,2015* 
ulna in, 1016* 

Ehaciation syndrome, so 
Ekboush 

hepatic oil, after lymphangiography, 
1421* 

pulmonary fat, 373-374 
Embryology 
of anus, ectopic, 836* 
bladder eastrophy, 839 - 840* 
of gastrointestmal tract, 1479 
inintersejt, 825-828 
Embryoma dental. 126* 

Emphysema 

of asthma. 254*, 255*. 333* 
cronchographyof. 1464* 
chest in. 254*, 255 
compensatory, 326 
compheatmg pneumoencephalog 
raphy, 164* 
cystic, 338* 

^sncfibrosis of pancreas and, 361* 
diaphragmatic. 1457* 
after hernia, diaphragmatic, 1464* 
Intersntial, 867-868 
of aim and forearm. 868* 

(in eat). 1452* 
extensive, 1451* 
localized after mecomum 
aspiration, 1452* 
niedlastmal,l541* 
subcutaneous, 1456* 
after tracheotomy, 432* 
mediastinal shift secondary to, 1464- 


1466 

ohstrueOve 332 337 
causal mechanism 327* 
com kernel causmg 332* 
film near end of eiqiiration. 335* 
inspiratory and expiratory films in, 
334* 

loculated 33b* 
pneumonia causing 333* 
of singie lobe 335* 
in tuberculosis primary 413* 
subpleural, 1457* 

ENCEPHAUnS TOXOPLASMIC 136* 
137* 

calcification in, 135* 
Encephalocele 210 212 
cranium bifidum and 3S 

frontal, 211* 

sphenopharyngeal atterremoval 
211 * 

Encephalomyelitis measles 
calcification afiei 857 
Enchondhoms 
hand 1027* 
sobtary, 1249 
Enchondromatosis 
arm in. 1027* 
chest in.l027* 
generabred 1026 - 1028* 
legs in, 1027* 
metacarpalsln 1028’ 
pelvisln 1027’ 
pbalangesin, 1023* 

ENDOCABDins 524 
ENDOCABDiVM 
cushiondefects.497 499* 
fibroelastosis 482 
Endocrine 
disease, skull in. 82 
disorders and vertebra. 1392- 1393 
CNDOCRiNOPATBr skeletal changes IS, 
1299-1317 

EnCELMANN'CaMURATI DISEASE. 1063- 
1066 

Enteric nsTuiAS formaooo. 

schematic drawings of 643* 


ilNTEMTIS 

gastroetitentis, and ileus due to 
potassium depletion. 658* 

acute. 669 
stenotic, 667* 
segmental. 667-668 
tuberculous, 670* 

ENTEROCOLITIS 

in agangbonosis 1515* 
necrotizing, 669, 1518— 1524 1562* 
^OSINOFRIUC CKANUIOMA (see 

Granuloma, eosinophibc) 

EPENDYMOMA 

chewmg gum in bair as artifact in. 


cystic, 188* ... 

^FicARDiuM fat shadows in pericardial 
effusion, 529 
:ficondtie 
avulsion, 1I05*,1106* 
fractures, 1105*. 1106* 
IFIDERMOIDOMA, 1255*-I256 
parietal bone in, 96* 

PIDERMOLTSIS RDLEOSA DTSTROPKICA. 

597,599* 

IpicLoms 

Hemophiluitnfiitenztte.SSB* 


after lye ingestion, 596* 

Epilepsy diphenylhydantomin, 
calvana after, 97* 
Epilunatum, 900* 

Epinephrine 

injecoon, heraopencardium after, 
1433* 

in itmcana after urography, 765* 
EPIPHYSEOMETAPHTSEAL JUNCTION. 

676* 

Epiphysis 

in cartilage plate, 878* 
deformities of, 1148-1185 
dysplasia, multiple, 1025. 1029* 
femoral (see Femur, epiphysis) 
fractures, 1111, 1148-1185 
growth umts of, 874* 
m hemophiUa. 1293* 
normal structure. 874 
ossification centers. 875* 
of phalanges, 896* 
secondary, time schedule for 
appearance, 882* - 883* 
plates, thickness of, 963 
tibia 

intercondylar spines, stress 
fifacture and sclerosis, 1176 
ossification center, stress sclerosis, 
1176 

Epiphysitis. 1202, 1194*. 1199 
pyogemc, 1199* 
tubeiculous, 1300* 

Em tPAiST, 1463* 
Ebvptionofyeetn schematic 
representation, 122* 
Erysipelothrix RHUSIOPATRIA 
anhnus after. 1011, 1012 
Erythroblastic ANEUiA, 1284 
vertebra in. 1393* 
Erythroblastosis rETAUs. 1279- 
1282 

Erytmrocytosis primaryri294 
Esopkacitis, 603-604 
EsoPHACOCASTRiciUNcnoN Structure 
of. 582* 

Esophacraphy 
banum, of abeirant Subclavian 
aitery, 484* 
normal, 563* 

Esophagus, 580-609 
(See also Gastroesophageal junction) 
anastomosis of segments, surgical, 
588* 

anatomy, normal. 580-581 
anomahes, congemtal, 587-596 
In aortic arch anomalies, 1471 
atresia. 587-590 
complete, with bbnd pouch, 587* 
morphologic varieties. 566* 

In newborn, 1483-1488 
stenosis after anastomosis. 583* 
tracheoesophageal fistula and, 
5S8*-589* 
during belehmg, 582* 

-bronchial communication, 1491 
bronchoesophageal fistula, 317-318 
cervical, 230-235 
anomahes congenital. 230-231 
infiammation. 331 -234 
neoplasms. 234-235 
chalasia,e00-601 
coins in. 235* 

compression defects due toaoita, 

485* 
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Esophagus (Cont ) 
dilation and mediastinum 443 
diseases 584 609 
diverticulura 599 
pharyngoesophageal 593* 
duplication 442* 594-595 
examination methods 581-584 
filling defects In, 601* 
foreign bodies in (see Foreign bodies 

hernia, hiatus 619* 
hiatus dilatation 295* 
hypertrophy congemtalmuscular 
590 

invagination and gastnc hiatus 
hernia, 607* 

lumen during swallowing 584* 

In newborn, 1483-1492 
normal semischematicdrawmg 
531* 

obstruction 

acquired, 596-597 1489 
mucosaldiaphragmcausmg 594* 
perforation, in newborn 1491 
pinln opensafety 599*-600* 

In pulmonary artery anomalies 
1471-1477 

inpulmonaryarterysling 487* 
short 604-607 
congemtal. 1491 

stenosis (lee Stenosis esophagus) 
stricture 606* 

in subclavian artery anomalies 1473 
tracheoesophageal fistu]a(iee 
Fistula, tracheoesophageal) 
ulcer 603-604 606* 
vancee 600 

splenoportographym 570* 
venous damage 626* 

EantocxN causing vaginal 
enlargement 1556* 

Ethmoid siMuszs ill 
EvzHTunoN 
diaphragm (see Diaphragm 
eventraaon) 
hver 293* 

pentoneum,292 293* 

EwiNc s SABCOMA (see Sarcoma, 
Evrfng s) 

Exostosis 

cartilaginous 281* 1022* 
humerus 967* 
pelvis 1023* 
sohlary 1249 1250 
spine in. 1 370* 
nbia, 1023* 
bbial shaft 968* 

in chondromatosis external, 1021* 
femur shaft. 949* 
tibta.938* 968* 1023* 

Expiration effect on mediastinal 
silhouette 469* 

ExsTROPHT (see Bladder exstrophy) 
Extrihities 845 1348 
anomalies, O Rahilly classification. 
979* 

aplasia, 978-931 
atrophy of muscles of 870- 872 
bones 873-1325 
anatomic vanaaons 895 963 
anatomic variations local, 895- 
960 

anatomlcvairations multiple 
generalized and scattered. 960 


363 

changes doe to abmeotaiy tract 
diseases 1320 

changes in blood diseases 1279- 
1299 

changes due toCNS diseases 
1317-1320 

changes due to heart disease 1320 
changes due to renal disease 1321 
cftanges<ftfe(orespttabm<hsease 
1320-1321 

changes due to skin diseases 
1322-1325 
constriction 88S 
cyst 1253-1256 

development of appraisal methods 
885 886 

develi^iDenCof velocltyof 885- 
895 

diseases 963-1082 
growth 879 894 
growth appraisal methods 885- 
866 

growth Inhnlis 681 
growth, vetoacy of 885-895 
infecDons 1192-1222 
lesions due to excessive cold. 1082- 
1083 

UsiOBSduetoexcessivebeat 1083 
lesions due to physical agents 
1082-1222 
mamw cavity 681 
maturation. 679-894 
m«duUarycanal.88I 
modeling of 585 
normal structure of 873-878 
os uficaDon centers (see Under 
Ossification centers) 
ossification, veloaryef 886 594 
ossificaQon velocity of fetal and 
neonatal, 555-559 
ossification velocityof postnatal 
889-594 

roentgenographlc appearance 
578 579 

spongiosaof 678-579 
calcifications 651-863 
of articular bssucs 863 
offat subculanemis 851 855 
Jnfymphoidussvee 86i 
muscular 860 861 
in neural tissues 562-863 
of penarbcular tissues 863 
vascular 862 
cancer 1267-1279 
In cretinjsm 1301* 1302* 
in Cn^u-cbal syDdroine 1315 
dystrophies muscular 668 870 
fitvosaicoma. 1268 
foreign bodies in. 863-867 
In Gaucher's disease 1297-1299 
faemanpoma. 1271- 1274 
in hemopiuba. 1292- 1294 
hyperplasia. 981 -988 
faypoplasia.978 98] 
inflammations 849-850 
lnleuketnia.1290 1292 

in acboodioplasia, 1004* 
bowing of prenatal, 994* 
dytosto^sol metaphyseal. 1033* 
in enchondromatosis 1027* 
fibromatosisof 862* 
foacCuies llOS-1126 


giantism 1271* 

m Ollier's chondromatosis 1024* 
in osteodystrophy fibrosa, 1061* 
in Pyle 8 disease 1068* 
venous insufficiency 861 
neural tumors 1268 
nng contractions 991* 992 
sarcoma, Ewings 1267-1268 
soft tissues of 847-872 
tumors (see Tumors of extrcmiaes) 
upper artenosclerosisand 
hyperparathyroidism. 861* 


FABeLLA,939*-940 

Face 

adult, compared with newborn. 3* 
bones fibrras dysplasia of 86* 
in craniostenosis 41* 
indwarfism diasnophic 1019* 
dysostosis 

Treacher CoUins mandibular 48- 
49 

Weyers mandibular 124 123 
inmucopolysaccbaiidosisl 104S* 
orodigitofarial syndrome excreminei 
ID 1315-1317 
In Pyles disease 1070* 

Ficrzs 

la Bracbmai>de Luge syndrome 
1072* 

elfin inidiopathic hypercalcemia, 
1308* 

in hyperostosis corticaLlnfutile 
1212* 1213* 

Potter's 1439* 1S40* 
in tiiehorhlnophalugeal syndrome 
1013* 

Fahrsoissask 134 
FAlZBANZnTSPLASIA. 1030* 

FaUOTS TETRAD 513 516 
brain abscess and 197* 
schematic drawing of malformaQans 
in.Sl3‘ 
surgery 

Jungs alter 300' 
thymus after 448* 

FaUOT b tetraloct (see Fallot s 

FaIE cerebri 
calcification, normal 131* 
in vitamin D poisoning 1248* 
FaNCONI ANEMIA. 1282-1283 
Fanconi syndboue, 994 
FaUERS DISEASE 1299 
Faebersupocranulomatosis 1015 
1274 1277 

Fat 

embobsm.puImonary 373-374 
necro$is.subcutaneous in newborn, 
852 854 

atelbow displacement. 1095 
olecTUon, displacement. 1002* 
subcutaneous 

calclficanoni, of extremities 551- 
855 

water density shadows of vessels 
la 848* 

Fatigue PRACTUBES 1118-1123 
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stress, of netatarsa], 1109* 

Fecss 

Impacbon. 711-714 
in sigmoid, 713* 

in cecum. 713* 
in colon, 713* 
simulating polyposis, 710* 

Feet 

bones of, anatomic variations, 912- 
928 

calcaiieovalgus.989 
cavus, 983 

clubbing (see Clubbing, feet) 

In dysostosis, peripheral, 1012* 

“exaggerated fetal position foot.” 988 

flat (see Flatfoot) 

fractures in, 1105 

glass in, simulatmgfracture, 867* 

In gonadal dysgenesis, 1313* 
lateral oblique projection, 921*. 926* 
matur ation of bones of, 892* 
in mucopolysaccharidosis 1, 1048* 
ossicles, common accessory, 927-923 
ossification centers 
in bones of feet, 384* 
secondary. 893* 

is osteosclerosis, benign familial 
Idiopathic, 1063* 
ovenegmentation, 983* 
pTonated 986* 

vaileasities, and phleboUtbs, 862* 
in xanthomatosis cuus. 1322* 
Femoxavaea, 1189* 

FEMtm 

inachondnplasta, 1000*. 1001* 
anatomic vanatlons, 943-960 
Inaseima, iicUecell, 1287', 1288* 
aplasta,989 

in arthnas, rheumatoid. 1340*. 1343* 
Is battered child syndrome, 1141*- 
1143* 

biopsy injury causing tubulanon 
failure, 967* 

bowing, prenatal 990*, 996* 

In bowleg, 1188* - 1189* 
calcifications of subcutaneous fat in 
front of, 852* 

cartilage plate tniunes, 1125- 1126, 
1131* 

after cat scratch fever, 1204* 
in chondrodystrophy calcificans 
congemta. 1009* 
chondroma, 1249*, 1257* 
mcbondromatosis, Ollier's, 1024* 
condyle 

irregularities, 945* 
popliteal groove in, 946* 
rough edge of, 944* 
contusion 
juvenile 1145* 
neonatal, 1144* 
cortical defects, 936*. 937* 
benign, 1266* 

in dorsal and medial walls, 954* 
fibrous, 948-955 
large multtlocular, 951* 
lateral wall. 9S0* 
medial wall, 952*, 954* 
oval. 952* 
ventral wall. 950* 
cortical thickenings. 1145* 
of dorsomedial wall of distal end, 
956* 


in prematurity, 961* 
ui coxa plana, essentia}, 1154* 
coxa valga, 730* 
in crerinism, 1301*. 1302* 
cyst. 1254* 
aneiiTysmai. 1260* 
aftercysQc fibrosis, 1321* 
double canals through medial cortical 
wall of, in newborn, 879* 
in dwarfism, diastrophic, 1020* 
dysplasia 
epiphyseal. 1029* 
fibms, 12M* 
epiphysis 

antenot segment, 946* 
avulsion, 1126* 

capital, slipping of. 1 127- 1 129 
Intraepiphyseal gas. 1 1 S8* - 1 159* 
nutrient foramen, shadow of, 947* 
In exostosis, cartila^ous, 1250* 
fractures (sec Fractutes, femur) 
in Gaucher's disease, 12^* 
head 

factitious sphraag. 959* 

Meyer’s dysplasia of, 1 161-1167 
in hemophUia. 1292* 
hyperostosis. 1218* 
corticaliofanale. 1219* 
Inhyperparathyr^dism. 1305* 
in bypeipbosphaiasenua, 1233* 
hypoplasia. 989*. 990* 
in hypothyroidism, 1300*. 1301* , 
1302* 

irregular condylar ridges, nonnal, 
956* 

inliporeQcuIosIs, 1297* 
lympbanpoma. 1273* 
]ymph«sarcoiDa.J277* 
margtsai IrregulanDes. 948 
meduUoblasioma. 1282* 
metaphysis 

cupping after pohomTcluis. 968* 
defect in. 950* 

proximal, irregularossificatioo, 

958* 

mmeralization of. normal irregular. 
944* 

in mucopolysaccbandosis 1, 2050* 
jveurofibromatoslsor, 1270* 
normal compamon image of lateral 
wall of femurs. 848* 
ossification centers extra. 948*. 949* 
fusion of. 943* 

osteids. staphylococcal. 1165* 
osteochondroma. 1249*. 1258* 
in ostcocbondiosis dissecans, 1183* 
in osteogenesis iinpeifecta, 1042*, 
1043* 

osteolysis, 1274* 
osteoma, osteoid, 1263* 
in osieomyelitis. 1195*. 1197* 
cupping after, 1 196* 
low grade, 1^3* 
in osteo p etro s is, 1036* 
in ostem>oildlosi$ 1060* 
osteosclerosis, 1067* 
norma] fetal, 960* 
proximal end. normal Irregularities 
958* 

pseudoarthrosis, 990* 
in Pyle’s disease. 1068* 
radio] ucent fatty snipping muscular 
mass c o n ti g u ous m 848* 
innekets, 1225M227* 


in rubella syndrome, 1210* 
sarcoma 

Ewing’s, 1267*, 1269* 
osteogenic, 1251*, 1252* 
in scurvy, 1241*, 1242*. 1243* 
shaft 

exostosis, 949* 
transverse hues of Park, 969* 
short, congenital. 990* 
striations, longitudinal, 955-960 
superior foramens for nutrient 
arteries, 957* 

trochanter (see Trochanter of femur) 
In tuberculous dlaphysiHs, 1201* 
in urticaria pigmentosa. 1324* 
in vitamm A poisoning, 1246*, 1247* 
FERSocALciNOsts cerebrovascular, 
idiopathic funcbonal. 1 34 
Fetus 

aborted. Thorotrasi in. 1438* 
ahment ary tract of, 578 - SSO 
death in utero, radiographic signs, 

580 

gas bacillus infection, 579* 
gastrointestinal tract of. 1478-1479 
meconium pentomus, 552- 554 
respiration 297 
F*vxa 

Q pneumonia complicating. 3S9 
rheumatic (see Rheumatic fever) 
FUXODTSPlJlSJA OSSIFICANS 
FX0CUSS1VA 

microdactyly and, B55-BS7* 
nucha) ossifications in, 1577* 
FSROXLASTOSis endocutlial.482 
FiaaocENEsis iMpEiincTA, 1071 
FnnoMA 

rbondromyxoid. 1257-1258 
mesentery, 574* 
nonosteogemc, 1266- 1267 
FtaaoMATosis 
congenital scattered. 1274 
of leg. 862* 
multiple, 1275* 

FtBROSAXCOMA. 1251 
extremities, 1268 
Fmaosis 

cystic, 360-364,572* 
colonic perforation in, 1507, 1509* 
extremities in, 1321* 
meconiumlleus and. 6S2*-653' 
meconium peritonitis and, 1399* 
Jaws, famihal, 128* - ] 29* 
lungs dilTuseldiopathicinterstidal. 

360 

periureteric, 789 

progressive, of vastus Intermedius, 

859 

reffoperitoneal. and ulcerative colitis, 
700* 

Fibrous DEFECTS offemur 948-955 
FtBROVS DYSPLASIA (sec DyspUsia, 
fibrous) 

Fibula 

anatomic variations, distal end, 928- 
932 

in anemia, sickle cell. 1286* 
aplasia, 988-989 
after boots with tight laces. 1145* 
bowing of. prenai^, 995* 
Inchrondromatosls Ollier's. 1024* 
cortical defect, 936* 
in cretinism. 1301* 
cyst (see CysKsX fibula) 
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Fibula {Cont ) 
indiaphysitis syphiliHc 1209* 
in Ellis Van Creveld syndrome 1016 * 
fractures (see Fractures fibula) 
hemangiomaMsis 1271* 

In hyperostosis cortical infanule 
1219* 

hypoplasia, 988 989 
inset accessorycenterin 929* 
malleolus of 929* 
normal fibular notch In tibia, 930* 
ossicles of accessory 931* 933* 
m osteodystrophy fibrosa, 1061 * 
in osteopetrosis 1036* 
in oxalosis 1309* 
inrubellasyndrome 1210 * 
sarcoma Ewings 126e*-1269* 
m scurvy 1241* 
tumor thorn Induced 1266* 
undeccalcificatuin in. celiac dwaarn 

964* 

in vitamin A poisoning 1247* 
FlLAlUABANCflortl 861 
Filmcrimpinc as artifact 1589* 
Fingir(8) 

air between simulating fracture 
895* 

amputation incomplete congenital 
992* 

inaxthn&e rheumatoid 1339* 1345* 
afterdoorinjury 1146* 
in dwarfism diastzophic 1020* 
fist swelling of terminal segment 
1180*-1181 
osteomyehQs 1289* 
in Rubinitein Taybi dwarfism 
1077*-107S* 

artenovenous 
eotonaiy 491 493* 
intracranial and caidiomegaly 
476* 

pulmonary 325 379* S23*>524 
umbilical 1410 1412 
in atresia, anorectal typeflf 683* 
bihary bronchial 1531 1533 
bronchoesophageal, 317*'318 
carodcocavemous sinus 213 
entenc formation schematic 
drawings of 643* 

esophageal atresia and In newborn 
1483 1488 

inimperforateanus type III 682* 
pharyngeal pouch persistence 
causing 231* 
rectoprostaOc 1526* 
rectourethral 1525* 1528* 1544* 
tracheobihary 566* 
tracheoesophageal S90>S91* 
esophageal atresia and 588* 569* 
Innewbom 1485.1489 
stenosis after anastomosis 588* 
Fistulous communication between 
pancreatic duct and gastnc 
duphcation 641* 

FlaTFOOT 986* 1190* 1191* 
plantar flexion of talus in 987* 
spastic congenital 981-986 
Fluobochaphy pencardlal effusion 
463 

Fluoboscopv 

gastroesophagealjunction normal 
602* 

heart 463-464 


in hernia, hiattts 604* 
Folzycatbetex fnagangUonosis 
1514* 

Fong s lksion 13fi3 132S 
Fontanels 
accessory 4* 
anterior 33* 
at birth 4* 
constant 4* 
interparietal 15* 
persistent 38* 

ossificaiioncenUiln 10* 11* 

Food simulating gastric bezoar 623* 
Foot (ter Feet) 

Foramen 

infraorbital thlaialionof 110* 
mtervertebral. enlargement due to 
neurofibronuL 24S* 
of Luscbka, congemlal obstruction 
37T 

ofMagendie congeniialobsmiction 
177* 

of midclavicular canals 271* 
of Morgagni benua.294* 
opdc 194' 
parietal 38* 
symmetncal 35 39 40 
rotunda 107* 
superior offemuf 957* 

Forceps causing cephalhematoma. 
64* 

(See also Arm) 

amputation mcompleie congenital 


992* 

aplasia 980* 

bones of anaconuc variadoni 904* 
emphysema of Intersntial 868* 
fractures 1085 1690 1102 
glass in 863* 
hemangiomaof 850* 
in hyperostosis cortical infantile 
1213* 1217* 

in hyperphosphatssemia. 1234* 
hypoplasia.984* 

In hypothyroidism 1300* 

InL^tererSiwedisease 1296' 
lymphangioma. 1273* 
sclerosisofbones 1066* 

FORICUT 

bronchtpulmonaiy anomaly 321* 
322* 

sequestered. 1491 
Foreign bodtCies) 

in ankle soft Ussue* 864* 
in appendix, met aihc 703* 
arthritis 1334 
atelectasis due to 328* 

In duodenum 672' 
emphysema due to obstructive 332* 
In escgrfaagus 599 600 
cervical 234 
keysimulatlng JS80* 
in cxtreiruties 863 867 
inheait 532 534 
Ininlesnne small 672 
iron 672 
nose 101 
orbit 1569* 
pharynx, 234 
axial projection of uvula 

simulating 1S7S* 

"tumors ofbone 1267 
In vagina (aee under Vagina) 


Fossa 

pituitary 

anatonucfeatures 121 * 
in craniopharyngioma. 150* 
normal 120* 

rhomboid mclavicie 271* 

Fovea CAPITIS FiMoRis 959* 
Fractures 1083 ii26 
airbetweenfingeis simulating 895* 
arm. in osteogenesis Imperfecta, 
1040* 

calcaneus 1110* 
false 920’ 
calvaria 

in battered child syndrome 1137* 
CSFflow after 67' 
scalp wrinkles nustaken for 224* 
classification accordmg to course and 
nalureoffracturehne 1084* 

diacondylar 1104* 
dipts 1087’ 

dislocation at elbow 1098* 
epicondyle 1106 * 
mediaJ 1105* 

extreimaes lower 1105 1126 
fatigue 1116 1123 
stress of metatarsal 1109* 
offeet 1105 
femur 990* 1125 
in battered child syndrome 1136* 
1137* 1140* 
epiphyses capital 1128 
epiphyses ossification center 
1162* 

false 948* 949* 
bead Leggistrese 1150 1159 
impacted 1125* 
proximalhalf 1124* 
shaft 1125* 

shaft fatty strip simulating 666* 
fibula 

camlaginous plate diseracoon 
transverse 1122* 
chip 1122 * 

diaphyseal vanehes of 1116 * 
epiphyses 1111 
false 933* 

postfracturecyst 1132* 
Salterinjuiyt^el 1122* 
shaft, nil 1118 1123 
shaft transversecomminuted 
1120* 

torus me* 

forearm 1085 1090 1102 
Fre bergs 1181* 1182* 
glassin foot simulating 867* 
hand,108S-10S9* 
humerus 277* 1102 1105 
Inbalteiedchlldsyndrome 1140* 
distal end different patterns of 
1104* 

false 908* 909* 911* 
proximalend llOS 1107* 
supracondylar 11Q2*-1103* 

1107* 

supracondylar morbid anatomy of 
1102 * 

transverse of surgical neck, 1 108* 
Ilium 744* 
avulsion. 745* 

ischium apophysis 745*-746* 
mand ble 125 
march,llld 1123 
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of metatarsal 1109* 
metacarpais 1088* 
metatarsals 917* 1108 1109* 
Monteggias 1098* 
navicular 1C>88*-1089* 
false 926* 

comtnmuted 101* 
external, 99 

olecranon ossification center 
siinulating 907* 

olecranon synchrondrosis sitnulatiDS 
906* 

orbit blowout, 73* 
partetalbone 70* 71* 72*-73* 
patella, 1123 1125 
ventralsupenoredge 1123* 
pathologic 1131 1132 
pelvis 743 

displacement and protrusion of 
ischium after 744* 
examples of 744* 
multiple 743* 
phalanges 1086*-1087* 
false 896* 
pedal 1105-1108 
spunous 896* 897* 
radius 

diatiacbon of distal third 1090 
1091 

Impacted 1097* 
impacted of distal third 1091 
1095 

impacted gieensQek, 1094* 
middle third 1097* 
nudsbafi 1095 1097* 
poslfkacturacyst 1133* 
proiomaleDd 1099* 

PKidmalthud 1095 
shaft distal third 1096* 
shaft, transverse 1091* 
torus 1097* 

transverse througbcarolageplate 
1099* 

transverse compacted 1096* 
transverse of dist^ third 1090* 
1J91* 1192* 

transverse invisible 1094* 
transverse of shaft 1091* 
ramus 123* 744* 
nb in Pietie-Eobin syndrome 283* 
sacrum 744* 
sesamoids 
false 918* 

on metacarpais simulating 904* 
skull, 70 78 

frontalbone depressed 72* 
metopic suture and 70* 71* 
Intiewbom 70 
spine avulsion 744* 
stress 1118 1123 
fatigue ofmetatarsal 1109* 
focal of epiphyses loundbanes 
andmetaphyses 1148-1185 
Leggs offemoralhead IISO 
1159 

marginal. 1182 1165 
sltesof 1149* 
talus 1185* 

tlbial epiphyseal intercondylar 
spines 1176 
tarsalbones 1108-1111 

thumb 1085* 
tibia, 1084* 


Inbatteredchildsyndrome 1136* 
1137* 

diaphyseal vaneoesof 1116 * 
epiphyses 1111 1113* 
epiphyses pmdmal 1123 
false 931* 938* 939* 
gas layer Simulating 867* 
Impacted 1117* 
in'^hte 1119* 
long obhque spiral 1116 * 
malleolus 1110* 1113* 
pathologic 955* 
sbaft.llll.I 118 
shaft, comminuied oblique spiral 
1115* 

shaft, compacted torus 1118 * 
shaft long obhque unstable 1120* 

shaft, rubber band causing 866* 
shaft transverse 1120* 
stress 1121 * 
toddler’s 1119* 1120* 
toes false 913* 915* 

fibula. 1118* 
radius 1097* 
tibia. 1116* 
trochanter 1126* 
ulna, 1090* 
false 905* 
middle third. 1097* 
pronmalend 1099* 
proximal third 1095 
shaft, 1093* 
shaft distal third 1096* 
transverse of ^stal thud 1091* 
transverse of ptoidmal third 1099* 
transverse of shaft 1091* 1092* 
vertebra 1372 1376 
compmsKm ofL'3 and L-4 bodies 
1372* 

distraction from seat belt Injury 
1375* 

residual aAerteianus 1373* 
scbemahc representation 1373* 
FilAmiOIS DTSCEPHAUC SYNDROME 49 
FunEiic s niAcTVRE. 1 161* - 1 192* 
Fbocposition andcoxaplana. 1158* 
Frontal sinusKs 110 
Frostbite of phalanges 1083* 
Fucostnosis 1058 
FtmcDs causing osteitis 1204 
Funnel chest 250* 253* 


Gallbladder 
bilem 1531 
in newborn 1531 1538 
GANCUONXVRtttLABTOMA, 810* 
venacavography of 1415* 
Gancuonzvroma 
congenital ofaMominaJwaU 546* 
mediastinuDi, 437* 
venacavaln 1416* 

Gancrenous diverticoluh. 613* 
GaRGOYUSM 56-57* 742 1045 1055 
kyphosis in lumbar 1370* 
pelvis in 742* 
nbsln 282.283* 
vertebrain 1371* 

Garre sMSEASe 1197* 1198 
Gas 


1159* 

Gasouneincestion lungs after 371* 
Gastric (see Stomach) 

GASTRITIS 

chemical, 620 621 
necrotizing due to zinc chloride 620* 
Gastroenteritis and ileus due to 
potassium depletion 658* 
Gastroenterostokt in 

granulomatous disease 620* 
Gastroesophageal junction 
disorders at 602-603 
hernia at hiatus 603* 
normal valvular mechamsm 602 * 
schematic drawing, 602* 
Gastrointestinal obstruction 
radiographic evaluation m 
newborn 1479-1483 
Gastrointestinal TRACT S39-714 
embryology 1479 
examination 611 612 
fetal 1479 1479 
infirsthoursoflife 1479 
In newborn 1478 1538 
Gaucher s DISEASE extremities in, 
1297-1299 

Gauze iodofom in nuchal abscess 
1574* 

CeNETIC INDUCTORS in SBXUal 
differentiation 624 
Genital TRACT 819-644 
cyitourethographyof 622 
examination methods 621-823 
iD newborn 1539-1570 
obstruction 633-635 
pyelographyof iniravenout 822 
tumors 633 635 
ClNITAllA 

external aznbigucus in infants 622 ' 
in S L-0 dwarfism 1076* 
tumors 805 812 
secondary 611 
Genttocrarhic anatomy 
classification, 628 832 
six types of 627* 
typel 928* 
type II 628* 
t^elll 829* 
type IV 829* 
typeV 830* 
type VI 830* 

Genitocrapht 623 
in bladder exstrophy 842* 
Genitourinary (tee 'Tumors 
gemtounnary) 

Geophacia, 707 708 
Geotrichosis lungs in. 420 
Geradnoma, 195* 
mediastinum 435* 

GuNT CELL TUMORS ofbone 1265 
1266 

Giantism 976-977 
cerebral, 976-977 
of digits 851* 
ofleg 1271* 

Glass 

infoot, simulating fracture 867* 

In forearm 863* 

GuoMA 
optic 194* 

neurofibromatosis and. 1434* 
pontine 191* 

Glomerulonephritis 
heartin,474 475* 



XXVI / Index 


GLOHEXlTLONEPHRlTtS (Cotll ) 
dilatation 528 
p/eural effusion m 475' 
Glucosetoierancetest andcystic 
fibrosis 572 

Glycogen STORAGE DISEASE 481-482* 
typel and hepatomegaly 1410* 
Glycogenosis cardiac 481 482* 
Goiter andcardiomegaly 477* 
Goldbloom hyperostosis 1222 
Gonads 

dysfunction skull in 82 
dysgenesis causing skeletal changes 
1312 1314 

overfunction causing skeletal 
changes 1312 

skeletal changes due to, 1312 
Gout juvenile 1346 
Grapts colonic surgical, in 
mediastinum 434* 

Granuloma 
eosinophilic 1296 1297 
oflungs thymus and lymph nodes 
383* 

ofskuU,94 96 
spine 1393* 
mediastinum 441* 

Granulokatosis 
disseminated 1299 
septic 

bepanecalcificabonstn 559* 
progressive lungs in 365 
Granulomatous disease 
of childhood bverscanm, 1428* 
gaitncantrumln 620* 

Great SUTURES reUcionshipto 
ealvana.34* 

Groin testes in, and hypospadias 631* 
Gum chewing inhair asarOfaec. 
1578* 

Gut 

fore gut (seeForegut) 
hindgut ectopic termination 1522* 
1523* 

midgut (lee Midgut) 

Gynecologic DisoBotas amenable to 
radiography 823 
Gynecomastia in boy 262* 

» 

HaCLUNDS DISEASE 1177* 

Hair 

in Bracbman de Lange syndrome 
1073* 
braids 

as artifacts I576*-1577* 
mistaken for mtracramal 
calcifications 225* 
superimposed on back 263* 266* 
-cartilage hypoplasia of McKusick. 
1035 

choiring gum in, asamfacL 1678* 
dressmg as artifact, 1579* 
kinky hair syndrome 216,217* 
extremitiesin 1317 1316 
Hallux metatarsals In irregularities 
of Ops 916* 

Hamartoma 
kidney 811* 
fetal 1410* 
mprematurity 1562* 
hver 1535* 
arteriography in. 1406* 


lung 320 321 375* 
circular 320* 
tuberciDereum 189* 

Hamate bookofdOl* 

Hamman Rich aYKOBOME. 360 
Hand 

abscess cold 1201* 
ui anemia Cooley’s 1285* 
aplasia, 980* 

Id aitbnOs rheumatoid 1343' 
bones of 
accessory 902* 
anatomic vanacums 698-904 
maturation of mboys 890* 
maturation of ingiils 891* 
ossification centers extra and false 
898-904 

in chondrodysirophy calcificans 
congenita. 1009* 
clubbing of 980* 
indwarfism diastrophlc 1020 * 
in dysostosis 
metaphyseal, 1032* 
penpberal 1012* 

in Ellis Van Creveld syndrome 1017* 
encbondromas 1077' 
fractures 1065 1089* 
ingonadaldysgenesis 1313* 
hemangloina. 862* 

IR bypetpbospbaiasemla. 1234* 
hypertrophy 982* 
hypoplasia, 984* 
in hypoibyToidism. 1300* 
in) lines due to insensitivity to pain 
1146* 

in mucopolysaccbartdosis I 1048* 
1054* 

in orodigitofacial syndrome 1316* 
essificationcenters 898 904 
U) bones of 884* 
secondary 693* 
osteomyebds 1289* 
in osteopoikilosis 1060* 
m osteosclerosis benign familial 
idiopathic 1065* 

inpseudobypoparalhym dism 1306* 
In sarcoidosis 1203* 
sesamoids 904* 

Haversian CANALS 873* 

Haversian SYSTEMS 873* 

clamp sponge asarttfact, 1583* 

In cramosccDosis 41* 

in dysostosis metapbyseaL 1032* 
injunes closed intracranial 

hemorrhages associated with 
198* 

mesial sagittal section structures of 
226* 

Heart 459 537 
anatomy normal 461 462 
angiocudiograpby 465 
anomthet coogenital 478 524 
inmnsK 483 524 
pulmonary vessels in 479 
Insyndronies 482-483 
bIock.congmital 1433* 
caidnangiograpby selective 465- 
466 

caidiolboracic Index, 470 473 
catbetetlzalion 4^ 
chambers 

enlargemmt.congautal 479* 
size and position, schnnatic 


representation, 462* 
cine fluorography 463 464 


development 462 463 
dilatation, 474 
generalized m anemia, 476* 
generalized in rheumatic fever 
474* 

inglomerulonephnos 528 
in newborn 474’ 

acquired 524 535 
congenital acyanobc 484 509 
congemtaLcyanonc 509 524 
congenital rad]ologic<linical 
correlation 483* 

cyanotic and kyphosis of sternum. 
270* 

extremitiesin 1320 
rheumatic andaoracinsufficiency 
528* 

displacementintohemithorax 316* 
enlargemenl 
in anemia. 475 476* 
chambers congenital 479* 
feneraJizecl.474 477 
examinancm types of 463 466 
failure 

congestive total body opacifieaaoa 
ID innewbom. 1401* 
congestive umbilical artenovenous 
fistulaand 1410 1412 
congestive Wilms tumor and 
1404* 

bypoplasoclefc heart fyndromo 
causmg 922* 

pulmonary edemaand 324* 
fluoroscopy 463 464 
foreign b^iea in 532 534 
fusion of ihyrmc and cardiac Images 
tosuggestcardiomegaly 470* 
inglomerulonephrlos 474 475* 626 
glycogensioragedisease 481 482* 
glycogenosis 481 482* 
growth, 462 463 
in hypertension, 474 
hypertrophy 474 

bypoplasQcleftheart syndrome 496 
520,522 1566 
caidMC/ailureduelo 522* 
lesions iunufating pulmonary 
disease 1457 1459 
malpositions 

with intrinsic disease 481 
without intrinsic disease 480 481 
myxoma. 532 
pathology 474-535 
polyp 532 
calcifying 534* 
position, 467 470 
postoperative changes 535 537 
after left right shunt surgery 535* 
aAerCranspJanlation,536* 537 
after ventricular septal defect 
surgery 535* 

radiographic appearance 466 473 
extracardlac in trathoracic factors 
469-470 

lateral type thoracic cavity 467 
linear type thoraclccavity 467 
position 467-470 
shape. 467-470 
size 470 
radiography 
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conventional 463 
conventional positions of patienti 
464'-465* 
rhabdomyoma, 532 
scans 1431 
shadows 

inaorticvalvulardisease 525* 
changes due to movement of 
diaphragm 468* 

decrease in generalized 477-478 
in mitcal disease 524* 
normal structures diagrams 
showing relations 467* 
shape 467-470 
sue normal 470 
surface projecDon normal heart, 
461* 

transplantation changes after 
536* 537 
tumors 532 
Heat excessive 
bone lesions due to 1083 
effects on growmg bones 1083* 
Heels lateral projec&ons 918* 
Heiku s stndxoue 368 
Hemangioma 
calcification in 134’ 
cavernous congenital 644-645 
ofjejunuTnwitbphletohtbs 644* 
of elbow and foreaim 850* 
extremities 1271-1274 
offaand 662* 
ilium 1274* 

Uver giant 

aortographyof 1406* 1409* 
light 1534* 

total body opacification to m 
newborn 1401* 
venography of 1409* 
lung 374' 

mediasonum 442* 443 
peritoneum 646* 
ofwnat,862* 

KEHANCIOKASAECOMA 1251 
Hcmanciohatosis fibula 1271* 
Hemanciomatous CYSTS 1261-1262 
Hemarthrosis 
elbow in 1293* -1294* 
knee in 1293* 

Hematemesis and esophageal ulcer 
604* 

Hematoma 197-202 
epidural ossifymg 66* 
extradural 201-202 
intrapenloneal 661* 
pancreas causmg duodenal 
obsmicUon 661* 
subdural 60* 76-78 
bilateral 199* 
infantile 197-201 
longbonesin 1318* 
morbid anatomy 199* 
pathogenesis 198* 
subperiosteal 60* 
ossifymg 62* 

supraperiosteal, schematic drawing 

suprarenal calcificanonln 814* 
thoracKwall traumatjc 265* 
Hematuria hematoma after 814* 
HsMlKTPEBTItOPKT 977 
idiopathic extremities in 1315 
HeMIBTVOPLASIA CEMSfiAL 69* 
traumatic 206* 


Hehimeua 979* 
incomplete 980* 

Hemiplegia, 217-218 
HEMimORAX 

heart and meittasanum displacement 
into 316* 
in newborn 1470* 
paramedian section, 286* 
Hemivertebra 242, 1358* 
anomalies 684* 
multiple 612* 

combing and spina bifida m 
newborn 1361* 
lung hypoplasia and 315* 
miilnrde 241* 1362* 
famihaldwarfismdueto 1361* 
single ofT7segmen(.l361* 
m syndrome of mulople anomalies 
771* 

HEMOGLoBiNOPATtiy sicUecell. 

lechneQum scan in 1429* 
Hemolytic anemia (tee Anemia, 
hemolyuc) 

Hemolytic disease op newborn 
1279-1282 
(Iemopericabdium 
after epinephrine nuecoon 1433* 
traumatic 530* 
ttmulatuigpencardias 529 
K IKOV LRtTON CUM 
after pyloromyoiomy 618* 
Rbtncompatibilicyand 1538* 
Kcmopkilu 
epiphysisin 1293* 
extremitiesui 1292-1294 
paaanbnQslQ 1295* 

Hetnopktlut in^uenzae epiglottitis 
236* 

Hemoptysis lung scan in 1426* 
Hemorrhace 
adrenal 

Inoewboro 1559- 1561 
total bodyopacificaQon in m 
newborn 1402* 
arteriography and 1407-1408 
intracranial associated wicbclosed 
faeadinjunes 198* 
pulmonary 325 340* 
innewbom 1450 
supraperiostea] 67 
traumatic into scalp innewbom 
58-61 

Hemosiderosis pulmonary 380-381 
Hemotrorax 396 
HEFARITTN SULFAT0R1A lOSS 
Hepatic FLEAuiiE 
hyperplasia at, lymphoid 711* 
in ileocecal tuberculosis 670* 
Hepatitis 

chotangiographyin 563* 
monilia^ al^599* 

Hepatoblastoma airenographyin 
1406* 

Hepatoduodenal ligament 636* 

KCPATOLENTICUUia DEGENERATION 

extremities in 1318-1319 

HZ7ATOKECALY and glycogeii Storage 
diseasetypel 1410* 
Kepatosplewomrcaly and 

cytomegalic mclusion disease 
137* 

Hermaphroditism true 843* . 

Hernia ' 

bladder nanwtoiT 760* 


' diaphragmatic congenital 289-296 
in anterior segment of right side 
291* 

bronchopulmonary communitation 
and 322* 
left at birth 294* 
pericardial 291* 
through pleuropentoneal canal 
left, 290* 

through pleuroperitoneal canal 
Tight 291* 

residual pleuroperitoneal air sac 
after surgery 292* 
diaphragmaac gastnc 619 
diaphragmatic innewbom 1460- 
1464 

foramen of Morgagni 294* 
hiatus 

esophageal 619* 
gastnc 606* 

gastnc esophageal mvaginadon 
and 607* 

gastnc and esophageal stenosis _ 
605* 

atgastroesophagealjunction 603* 
innewbom 1489-1491 
sUdiDg 604 607 

inguinal causmgiJealobstniction 

659* 

Moigagiu, 560*-56V* 

Hernial SAC 551* 

Herniocrapry of hydrocele and 
hernial sac 551* 

Hiatus tORNUlspeHenua. hiatus) 
Hichchajr PALL venebral body 
destrucQon after 1382* 
HaARSHADOWs 297-298 
Hilcenreinxr a method In hip 
dislocation 736* 

Ho- 

inanhnDS 

rheumatoid 1343* 1345* 
traumanc 1335* 
in battered child syndrome 1140* 
in calcinosis tumoral 1346* 
dislocation acquired 
inneuromusculardisease 734* 
tiaumabc 734 

dislocation congenital 731-737 
Andren von Rosen method In, 

737* 

bilaieral 732* 

coxaplanaaftertherapy 735* 
HJgenreiners method in 736* 
labnimtnroldmgln 733* 

Martin s method in 736* 
innewbom 734- 735 
small ilium in 733* 
unilateral 731* 
unilateral coxaplanaafter 
treatment, 734* 

dislocation and dysplasia. 731* 
dislocation repeated exan^ations 
In 732* 

dislocation, unilateral, in cretinism 
732* 

normal structures in 1327* 
ossification centers secondary 893* 
pneumography natural, 1331* 
pyarthrosisof 1165* 
synovitis transitory 1333*-1334 
Hirschsprunc s disease (tee 
Aganglionosls) 

HisTiocrrosis X 1294-1299 
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Histoplasmosis 
lymph nodes In 423* 
pubnonsry 421-423* 

HODCKIN S DISEASE 

lymphangiography in 1419* 1420* 
thorax in 435* 

Hodgkin s SASCOMA 1277-1279 
Holophosencephaly 207 208 
alobar and trisomy 13-15 207* 
Holt Oram sYNDBOME extremities in 
1320 

Homocystinuria extrenutiesln 1319 
Honeycomb pattern inosteogenesia 
imperfecta 1041* 

Horseshoe kidney 771* 772* 
Hourglass chest 252-2SS 
Humerus 

in achondroplasia 1000* 

In anemia, sickle cell 1287* 1288* 
bicipital groove shadow of sii*- 
912* 

biclpitalndge simulating spur 912* 
capitellum, osteochondrosis of 
1176-1177 

chondroblastoma, benign 1258* 
cyst 1254* 

after cystic fibrosis 1321* 
in dysplasia 
epiphyseal 1029* 
fibrous 1265* 

fractures (lee Fractures humerus) 
inGarresdisease 1197* 

In hyperostosis conical infantile 
1216* 

iflbypejparasbyrojdism 1305* 
Inhypothyroidism 1301* 
in melorheostosis 1060* 
in mucopolysaccharidosis 1 1050* 
1054* 

ossification centers 
factioous shift 911* 
simulating fracture 908* 
osteochondroma 1249* 

In osteogenesis imperfecta. 1041* 
rhabdomyosarcoma 1231* 
sarcoma, Ewing s 1269* 
sclerosis 963* 
shaft 

constnction failure 967* 
exostosis cartilaginous 967* 
supracondyloid process on anterior 
surface 910* 
tumors gtantcell 1265* 

Hunter s syndrome 

(KUCOPOLYSACCHAUDOSlS 2) 
1055 

Hurler s syndrome (see 

Mucopolysaccharidosis i) 
HuTCHDtVERTrcuLUK ofWadiier 783* 
Hyaline membrane disease (see 

Respiratory distress syndrome) 
Hydatidctsts pulmonary 380 
Hydranencephaly 203-204* 
Hydrarthrosis Intermittent 1348 
Hydrocele 
hernwgraphy of 551* 
scrotum myelomeningocele 
simulating 1365* 
Hydbocepkalus 173-178 
clover leaf 183* 
communicating 182-187 
afterbteechdeUvery 182* 
protein elevation causmg 184* 
echoencephalography In 175* 


I encephalitis and 135* 

I external 174* 

hypertension 173 176 
hypotensive 173 

tounta} rtonctmunuaicatmg 177* 
macrocraniadueto 145*-I48* 
obstructive 176-181 
sagittalsuturesyiiostoslsand ]47* 
Hydboma 
subdural 76- 7S 
tubepicrania) 61-67 
KvDBIHSEPRROStS 1547-ISSl 
Ascanin 1432 
bladdeineck 1S49-1SS1 
crescent sign In 787* 
enology 1549 JSSI 
general consideraaons IS4S-1S49 
location of IS49-1SS1 
pyelography in JS45* 
teialomaand 635* 
total body opacification (n in 
newborn 1402* 
ultrasound m 1S46* 
ureteropelvic IS49 
ureterovesical 1549 
urethra) valves and 1551* 
Hydroubetbb scahop 1431* 
technetium 1546* 

Htgrcma 

cystic of mediastinum 438* 
tetropetlconeal 1564- 1565 
Hymen imperforate 633* 
HYPBRCALCBMU tPIOPATHtC 
chrome 1246 
elfin facies iff 1309* 
excreminesin 1306-1308 
in supravalvularaoruc stenosis 495 
Hvpebckuiiiemicacidosis andcacuU 
796* 

HrpiRCLOBUl.iNEMu lungsiff 365 

KVPEBOSTOSIS 

conical 1222 
cortical idiopathic 1222 
corOcaLInfanoJe 1210-1222 
chronic 1218 1222 
clavicles In 274* 
diaphragm Jn. 289* 
distnbution of skeletal lesions 
Bcbemadcdrawing 1214* 
fades in 1212* 1213* 
mandJblein 125* 1214* 1219* 
1221 * 

residual bony bridges in 1220* 
nbsin 281 282* 
scapolain 279* 

civtical lamellated extremities In 
1321* 

cortical traumatic serial changes in 
tormatloiiof 1134* 
costal 1217* 

Cranltexvamo 146*-147* 
femur 1218* 

Goldbloom 1222 
infantile traumatic sequential 
changesin 1135* 

Internal andcephaUiemaconia 67* 
ipsilateral 1214* 
mandibular 1216* 
after pleurisy and Intercostal 
drainage 284* 
ikuU 83* 

Hyperpakathtboidism 

arteriosclerosis of upper extremity 
and 861' 


extremlQesm 1303-1304 
secondary 1304 1305* 
vertebraln 1393 
Hvperphospkatasemia 
C alvanaln 1233 1234* 
familialchionic 1231-1237 
Hyperpigmentation 
ofhp and intestinal polyposis 673* 
Iffosteodystrophyflbrosa 1061 * 
Hyperplasia 
in achondroplasia, 1370* 
adrenal in female 

pseudohermaphroditism 817* 
extrenuties 981-983 
lymphoid 
colon 711 712* 

at hepatic flexure and rectum 711* 
in rickets 1224* 

Hypertelorism 
ocular 52 S3 

orbital in diastrophlc dwarfism 
1019* 

in Pyle s disease J070* 
Hypertension 
artenographyln 1408 
heaitin 474 

in hydrocephalus 173-176 
intraCTanial benign 141 183 
ventneulographyiD 183* 
po«aJ Innewboro 1537* 
pulmonary 601* 528 529 
in Eisenmengers syndrome 518* 
primary 508-509 
ventncular septal defect 
transfonnacionto 501* 
Hyperthyroidism excrsmltiesin 
1303 

Hypertuchosis in 

mueopolysacchandosls 1 1047* 
Hypertrophy 
adenoids 232* 233* 

In arthritis 1338 

bladder in meatal stenosis 792* 

bone 965 

diaphragm 287-286* 
digits 982* 

esophagus congenital muscular 590 

hand 982* 

heart 474 

rib 284* 

in stenosis 

pyloric (see Stenosis pyloric 
infantile bypertropMc) 
subaortic idiopathic 496 
tonsils palatine 227* 232* 
in tuberculosis 409* 
ventricle left 479 
verumontanum 790 
Hrrztvaicosvxu congenital 1346- 
1347 

KsrPEBvnAMiNOSIs 1243-1249 
HyPOCHONDROPLASU 1000-1003 
HTPOPARATHYROmiSM 1304 1306 
intracranial pressure increase In 
142* 

Hypophosphatasia 1230 1Z31 
Hypoplasia 

abdominal wall, and urinary tract 
dilatation 544 
in achondroplasia 1368* 
bones congenital 978-988 
bronchiectasis and 306* 
cartilage-hair ofMcKuslck.1035 
cerebellar 204-206 
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cetebial 202-203* 
unilateral 204 205*-206* 
digits 980* 
extrenuties 978-981 
femur 989* 990* 
fibula. 988-989 
forearm 984* 
hand 984* 
hemihypoplasia 69* 
traumatic 206* 
kidney 774 1566 
lung 314-317* 

innewbom 1461* 1462* 1469- 
1470 

mandible 124* 

metacaipals 980* 983* 

muscular after poliomyehtis 872* 

nails 1325 

phalanges 983* 

radius 989 

nbs 280* 

resemhhngrenalstone 798* 
mncVLets,1225* 
sacrum 724* 730* 
thoracic wall 264* 
tibia 939 1364* 
vertebra 
body 1358* 
cervical 242* 

Htwlastic i*rr heart sthdbome, 
496 $20 522 

cardiac failure due to $22 * 
Httospadus 
third*deeree 

liopetfotace anus and 837* 
testes m groin and 831* 
uretht^ onflce at base of phallus 
and 831* 

HwoTXMaioM in hydrocephalus 173 
MrPOTBTROnMSK 
coxaplasaand 1301* 1302* 
extremities m 1299-1303 
feiourin 1300* 1301* 1302* 
thyroid scan ui 1427’ 
vertebram 1392* 

HYPoviTAumosES 81-82, 747-748 
vertebra In 1391 
Htpoxu chronic 1383-1384 


Icterus familial hemolytic 89*-90* 

'backwash," in ulcerative caliUs 
699* 700* 
termmal 667* 

Ileocecalintussusceptioiv (see 
Intussusception ileocecal) 
Ileocecal tuserculosis 670* 
Ileocecal valve 
implanted cecum 678* 
normal schematic drawing 677* 
Ileum 

atresia, 650* 1505* 
in Crohn $ disease 668* 
duplication 640* 

normal roentgen appearance 623- 
632 

mucosal patterns 631* 
terminal ileum 630* 
obstruction due to mgumal hernia, 

roundworm in 671* 
surface view 627* 


voivtdus ©SO* 

Ileus 

mecoruumfseeMecomum ileus) 
potassium depletion causmg and 
gastioententis 6Sfi* 

UruM 

crest normal margMial scalloping 
»9* 

fracture 744* 
avulsicoi 74S* 
boms 1323-1323 
in hyperostosis cortical infantile 
1215* 1218* 

m mucopolysacchandosis 1 1050* 
norma] secondary epiphyseal center 
in 720* 

inOlbetschondromaiosis 1024* 
ossiBcatKtil centers in apophyseal 
cartilage 721* 
osteitis pyogenic 747* 
osteolysis 1274* 

In rhabdomyosarcoma. 1280* 1281* 
in rubella syndrome 1210* 
sarcoma of Ewings 1270* 
small in congenita] hip dislocation 
733* 

ISUCES natural misleading 1573 
1590 

Imperforate ANUS (see Anus 
imperforate) 

IrmEX cardiotboracic 470-473 
INTANT 1397-1570 
battered nbsin 283* 
diagnosis special procedures 1399- 
143$ 

icohosis tmictural idiopathic 1359 
young 1397-IS70 
Inpections 
skuU 78-81 

vertebra and 1387-1391 
iNEECnOUSARTHRTTIS 1333 1336 
Infectious mononucleosis lungs in 
366 367* 

Inguinal HERNIA Ileal obsmiceon due 
to 659* 

Injuries (see Trauma) 
iNsmtATTON effect on mediastinal 
silhouette 469* 

Interatrial septum (see Atnunt 
Interatnal septum) 

INTERPEOICULATEDISTANCES normal 

maximal composite graph 1357* 
IKTEBSEX 823-832 
androgens and 825 
embryology in. 825-828 
phallus vrith single permeal opening 
at base 825* 

sequential changes in anatomy m 
sexualdevelopment.826* 
Intxrvehtzsral DISK (See Disks) 
Intestine 

(See also Gastrointestinal) 
atresia development of 633* 
disientxm obbteiatmg hepatic 
shadow 558* 

duplicatioit devdopmentof 638* 

large (see beloiv) 

obstruction 

complete diagnosticgas patterns 
m 656* 

complete and meconium 
pentoniCis innewbom 534* 
in newborn. 578* 
radiographic evaluation, in 


newborn 1479-1483 
small (see belotc) 

Thorotrastin in aborted fetus 1438* 
Intestine large. 673-686 
anatomy 
norm^ 673-674 
variant 678-680 
anomalies congenital 678-686 
atresia 681-682 
development 674 
distenuonm perforated appendix 
703* 

growth 674 

inflammations 699-707 
roentgen appearance normal 674- 
678 

rotation errors 680 
failure affixation 680 
failure of rotation 680 
partial rotation 680 
reversed rotations 680 
stenosis 681-662 
Intestwe small. 626-673 
diseases 632-673 
duplications 639-642 
transdiaphragmatic 642 
varieties of 640* 
inententis tuberculous 670’ 
foreign bodies in 672 
iron 673 

functional disturbances 632-635 
lympbangiectasia 633* 
lymphosarcoma 673* 
neoplasms 673 
noma] 636-632 
in longitudinal section 627* 
mucosal rehef 628*-61^* 
roenigen appearance 627-632 
obstructions acquired 657-670 
high 658* 
high organic 857* 
obstnicuons congeTutal,e37-639 
exmnslc types 637 
failure of recanaluation. 637-639 
intrinsic types 637-639 
segmental defect and 639* 
obstructions extrinsic 645 649 
obstructions multiple 650* 
obstructions roentgen findings in 
653 656 

obstructions traumatic 661 
parasites 670-671 
polyposis 672-673 
hpfayperpigmeniationand 673* 
teticuJoendotheliosis 673 
segmental defect and obstruction 
639* 

surface projection, 541* 
swallowed air normal distribution In 
newborn 578* 
tuberculosis 670 

iNTBACRANtALFBESSURz increased 
141-143 

Intrauterine transfvs ion (lee 
Transfusion intrauterine) 

Intussusceptiov 661-666 
colonicfecal mass simulating 713* 
common types inlongitudmal 
section 662* 
ileocecal 662* 
acute 663* 

"bedspring shadow In 663* 
chronic 663* 

hydrMtatlc reduction. Ileocecal 
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Intussusception (cont ) 
valve dunng 665* 
hydrostaUc reduction late crucial 
phase m 66S* 

hydrostaticreducnon progressive 
changes during 664* 
Ueoileocohc 666* 

Jejunum 637* 
transitoTymultipIe 635* 

-deficiency anemia (see Anemia iron 
deficiency) 

foreign bodies in smalllntestme 672 

Ischemic NECROSIS 1148 
silesof 1X49' 

IscHiAE BONES retarded ossificatioH of 
724* 

ISCHIAI. TUBEROSITY IRRECULARITIXS 

m density 725* 
marginal 727* 

ISCHIOFUBIC OSTEOCHONDROSIS 
JUVENHIS 743-747 
demmeraliaauonof 723* 
earlyclosureattwoyears 723* 
mineralization of Irregular 722* 
easification center 723* 
swelling of 722* 723* 

Ischium 

apophysealcenteren 720* 
apophyseal avulsion fracture 745*- 
746* 

displteementaad pnovwn after 
fracture 744* 
uregulantiesin 725* 
marginal 724* 
osteins tuberculous 747* 
osteolysis 1274* 

In rubella syndrome 1210* 
sharptydeAnedpaiehln 726* 
soap bubble rarefaction of 724* 
Islands bone scleroses of 961 963 
IsOLETTXHOLt as artifact 1986* 
Isotope scanning (see Scanning) 


Jansen s disease (see Dysostosis 
metaphyseal of Jansen) 
Jaundice 659* 
cfaolangiographyin, S63* 
cytomegalic inclusion disease and 
137* 

papilla of Vater filling defect and 
566* 

in newborn. 1531 
thrombosis causing 1537* 

Jaws 

fibrosis familial, J28*-J29* 
langeofcondylarmotion 124* 
Jejunum 
anomaly of 639* 
incolomc rotation failure 636* 
duplication, 641* 

transdiaphragmatic schematic 
drawing 642* 

inententis stenotic regional, 667* 
gas-filled loops of 632* 
hemangioma cavernous with 
phleboUths 644* 
intussusception 637* 
normal roentgen appearance 628- 

632 

obstruction 655* 

sudden segmentation and changes in 


mucosalielief 632* 
surfaceview 627* 

Cncbobezoarin 623* 
in VVhippIe s disease 634* 

Jet PHENtntBNON during excretory 
urography 764* 

Joints 1326-1346 
anatomy normal 1326- 1329 
anomalies congenita! 1332 
calcificaltonof 1346-1347 
coahtitai fanuUal congenital 985* 
cysts 1348 
diseases 1331-1348 
mfiammations purulent 

hematogenous 1334-1338 
neoplasms 1348 
principal structures schematic 
represenlaDon, 1326* 
roentgen appearance normal 1329 
1331 

temporomandibular normal 123* 
traumatic changes ui 1332-1333 
tuberculosis 1336 1337 
intuberculousanhriDs 1202 


K 

KaBTACENERS SYNDROME 480 
Kenny DWARP 1076 1078-1080* 
KCRASIN IIPORCTICULOSIS 1297-1299 
Keratoma palmar and plantar 1325 
KERATOSUtPArURfA, 1055- 1037 
KERDUNCaPROCEas 19* 

KxrlcyB lines 479 
In pulmoBary edema. 480* 
Keroseneincestion lungscanafter 
1426* 

Key as artifact. 1 560* 

Kidney 

abdomen after insuffladon of 
penrenal spaces 616 * 
abscess 600-MI 
absence nght 1566* 
agenesis 1541* 

aoTtographyin umbilical 1411* 
1541* 

anatomy Dormal macroscoptc in 
longitudinal section 754* 
angiography 769 770 
anomalies congenital 771-778 
ol lorm 771 772 
of number 771 
of position 772-774 
ofsmictiirc 774 - 777 
aplasia. 774 

calcification, nb sunulaling 1576* 

cakmosls 796* 

calculi (see Calculi tidoey) 

defonmbes In pyelonephnUs 804* 
diladonof 768* 

diveiticulum urographyof 777* 
carbuncle 800 80l 
changes Inpyekmeplinas 802 * 
cystlcdisease IS6S 1569 
congenital 774* 77S 
PTdoeraphrot Ut newhoni, 1 401 * 
tubules 776* 

unilateral rauliicystic 1S66 1567* 
duplication. 1559 
dysfunction, e xtre mities In 1321 
dysptaslafsee Dysplasia, kidney) 
ectopic 772* 
crossed 773“ 


embryologic defects 1539 
failure and pulmonary edema. 323* 
function 

mfetus 1539-1542 
mnewbom 1539 1542 
hamartoma (fee Hamartoma, kidney) 
hematoma-calcificanonin 814* 
horseshoe 771* 772* 
hypoplasia 774 1566 
infection. 800-605 
laceration 799* 
masses bilateral 775 
necrosis 1557-1558 
in neuroblastoma. 807* 809* 810* 
normal difference in appearance on 
left and tight, 761* 
outline comparison m infant and 
adult. 753* 

anatomy normal. 755 75S 
anomalies congenital 777-782 
branching variations 755* 
djation in posterior urethral vaives. 
791* 

duplications of 778* 
duplications of ureterocele and 
781* 

duplications of wilted fiower' 
appearancein 779* 
form vanation m Wilms tumor 
806* 

size variations 755* 
stone in, 797* 

urographyof excretory 758* 
pelvocalycealvisuallEation prone 
andsuplnepositionstii 773* 
polycystic 214* 775*-776* 1566- 
1569 

'Tickets renal, 796* 
roentgenogiaphic appearance 
normal. 758* 
scanning 770 1429 
in sclerous, tuberous Sir 
shadow lymph nodes superimposed 
on cajcifyingabdomtnal,S77* 
smus comparison in Infaniasd 
adult, 7S3* 

soft tissues in longitudinal section 
754* 

Bobtary in syndrome of multiple 
anomalies T71* 
in teratoma. 811 * 
trauma. 793-800 
tubules 

dilatation of 776* 
ectasia, in newborn 774* 
tumors innewbom 1561-1565 
vascular distiirbances, in newborn, 
1557-1559 

vein thrombosis (see Thrombosis 
renal vein) 

Kinky HAIR SYNDROME 216,217* 
extremiUes in, 1317 1318 
KiaNZR s DEFORMITY in Brachman-dc 
Lange syndrome 1074* 
XlRNERSDISEASE 1180* 1181 
Klein s method in slipping of femoral 
bead 1128 * 

Klinefelter s syndsome true 1314 
KUPFEL-FEIL SYNDROME. 242*-243 
Knee 

inarthntis 1200* 
after bacteremia. 1011* 
purulent. 1335* 
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rheumatoid 1340* 
carnage 

discoid 1332 

space between opposing bones 
J330* 

cysts X348* 
hemarlhrosis 1293* 
inhypothyroidism 1300* 
knock (see Knock knee) 
noTWal structures 132S* 
ossification centers secondary 893* 
inpanarthntis hemophilic 1295* 
innekets 1227* 

roentgen appearance normal 1330* 
invnaminApoisonmg 1246* 
in vitamin D poisoning 1248* 
■webWng in myopathy 869* 

Knock KNiiE 1189-1191 
conversionofbowlegto 1187* 
rickets and 1227* 
tibiam 1190* 

Ka£i{LS:R s DISEASE 1167-1169 
progressive 1166* 

Kok.O’WSM and ZVCHOWlCZ 

UETAPKYSEAl.DYaOS'rQStS 1034* 
Kyphoscoliosis and 

neurofibromatosis 1270* 
Kyphosis 1368* 
adolescent 1381-1383 
anatomic changes in 1381* 
bidwarfi$ia.diastropbie 1369’ 
lumbar in Hurler 8 syndrome 1370* 
mueopolysacehandosls 1 and 1046* 
spine cervical and 

neurofihromatosis 245* 
sternum 270’ 


L 

Labruu tNToLsiNC in congenital hip 
dislocaaon 733* 

Labtriwths ethmoid 105* 

LActTNAB SKUu. innewbom 35 37' 
Ladds sands 1497* 

Lauboidal svtorc 
ossificauancenterln 11 * 
premature closure 45* 
L^EIXARARRAHCEKENT UlCOTCeKOf 
tubular bone 873* 

Lamy Masoteaus 

MUCOFOLTSACCKARIDOSIS 1057 
Lamy kiARoTEAUX pyknodysostosis 
1066 

Larynx 235-237 
calcification 308* 
cartilage 230 
eggshellin 236* 
papilloma, 237 
polyps and atelectasis 237* 

Lead 

bands 972-974 
poisoning 

radiographic changes after 973* 
unierconstncDonafier 966* 
Lecithin LtPORETicuLosrs 382 1299 
Leg (see Extremities lower) 
Lecc-Perthes Calve DISEASE 1150 
1159 

Leiomyoma 1347* 
LeptomeningeaLCYst pulsating 
74*-76* 

Lkptospiralchances inlungs 381 
Leri KELORHEosTosts 1042-1044 
Lesch Nyhan syndrome 1346-1347 


Lettexer SiwEmsEASE,3S2* 1296* 
Leukemia 92 
arthntisand 1337-1338 
colon m 702* 
eKtremitiesui 1290-1292 
leukopenic 92.* 
leukopeiuclympbatic 1290* 
oste<9ybc 1291* 
lungs in 382 383* 
nhsin M5* 
vertebra In 1393-1395 
Licaments (tee CalciAcaoon 
hgaments) 

Liueodistmembrane 163* 

Lip kyperpicmentation and 
inteslma] polyposis 673* 
LipiODOL Ascendent ui 

cystourethrography 768* 
Lipocranulomatdsis 
disseminated 1274-1277 
Farbers 1015 1274-1277 
Lipoma 

cauda equina 221 * 
corpus callosum 138*-139 209* 
medtasonum 436* 
of thigh 850* 

Lipomatosis 
of digits 851* 
generalized 1273 
LiPORETICVLOSIS 1296 
cbolesierol 1297* 
kerasia 1297- 1299 
lecithin 382 1299 
Ussencephaly 206-207 
Listeria microeyfogcnes arthritis 
after 1011-1012 
Liver 557-561 

(see alto Hepatic flexure) 
calcification (see Calctflcanon. bver> 
carcuioma.artenograpbyin 1406* 
damagemnewborn. 1531 
eventration 293* 
gas in portal vein branches 557* 
hamartoma. 1535* 
aitenograpbym. 1406* 
hemangioma (see Hemangioma. 

massesui newborn 1533 
innewbom 1531-1538 
oil embobsm after 

lymphangiography 1431* 
scanning 1429 
ID grangtomatous disease of 
childhood 1428* 
shadow obbterated by distended 
intesooe 558* 
in tuberculosis 550* 
tumors artenographyln 1407 
Long BONES (see Bone(s) long Bone(s) 
tubular) 

Lordosis m dwarfism diastrophic 
1019* 

Lucayateckhic in urethrography 


cxensciUPEL 35 37* 

MBAR PVNCTtiRE disk destruction 
and sclerosis after 1376* 
MBOSACRAl. (see Spine lumbosacral) 
NATE fusionwlchttiangulans 900* 
nc(s) 298 302 
.bscess. 372-373 
hematogenous 374* 
iccessorylobe 321* 
naccinomycosfs 420 


aeranon disturbances 325-338 
in agammaglobulinemia, 365 
agenesis 315* 
in Aldnch syndrome 364 
allergic reacbons 368-369 
aneurysms aitertcrvenous 325 
anomahes congenital 314-323 
aplasia,314 316*-317* 
innewbom 1469-1470 
aitenes(see Artenes pulmonary) 
aspergillosis 420 
In Ayerza s syndrome 380 
inhUstomycosis 420 
bronchopulmonary commumea non 
322* 

bronchopulmonary foregut anomaly 
321»-322* 

circulatory disturbances 323-325 
coccidioidomycosis 421 
mcollagen diseases 369-370 
collapse 

lower lobe schematic 
represenution 331* 
nuddlelobe schematic 
representation 331* 
in respiratory distress syndrome 
1449* 

upper lobe schematic 
representation 331* 
congesDon pasiive 323-325 
contusion 339- 340 
in cryptococcosis 420 
cyst (see Cyst(s) lung) 
cystic disease 338-339 
in cystic fibrosis of pancreas 360- 
384 

disease cardiovascular lesions 
simulating 1457-1459 
dysmaturity 1450 
dysplasia famihai fibrocystic 388 
edema. 323-325 
KnleyBhnesin 480* 
embolism fat 373- 374 
fibrosis diffuse idiopathicinierscitial 
360 

fistulas arteriovenous 325 379* 
523*-524 

aftergasoline ingestion 371* 
in geotrichosis 420 
granuloma, eosinophihc 383* 

in granulomatosis progressive sCPtic 

365 

growth fetal factors determinlnB 
1437-1438 

hamartoma,320-32] 375* 
circular 320* 
hemangioma, 374* 
hemorrhage 325 340* 
innewbom 1450 
hemosiderosis 360-331 
histoplasmosis 421-423* 
honeycomb 338-339 
in bronchiectasis 310* 

In hyperglobulinemia 365 
hypoplasia 314-317* 
innewbom 1461* 1462* 1469- 
1470 

ininfeciiousinononucleosis 366 
367* 

Inflammations 340-360 
insufficiency due to trauma and 
shock. 341 

leptospiral changes in 38> 

In leukemia. 382 383* 
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Lung{s) (cent ) 
lycoperdonosis 420 
lymphangiectasia. 1458’ 
congenital 378 

aftermercuty fumes inhalation 371 
mecastases hematogenous 37B-378 
microbthiasis alveolar 379 380 
in moniliasis 420 
mycoses 420-423 
necrosis 372-373 
neoplasms 374 -378 
m newborn 1438' 
nocardiosis 424 

nonperf usion of total 1424*-1425’ 
normal 

lobes and fissures of 301* 
lowerlobe 303’ 

lowerlobe bronchialdistnbuuon 
m 302* 

middle lobe 302* 
at 3 years 300’ 

osteoarthropathy extremlnes In 
1321* 

oxygen tOJdeity 1448* 
paragonimiasis 424* 
in polycythemia vera. 380 
in proteinosis alveolar 380 
rare diseases 378-384 
reactions 

to chemical poisons 370-371 
to dust 372 
Mvsater 370 
lesplratoiy 1448* 
Inrenculoendotheliosis 382 
In rheumatoid arthritis 366 
rlghtmiddlelobesyndrome 368 369 
right protrusion of apex 249* 

In lUley Day disease 364 -365 
in sarcoidosis 418-420 
scan (see Scanning lung) 

In scleroderma 384 
sequestration congenital 321-323 
extralobar 321* 

eequestradoii in newborn 1490* 
sporotnchosis 420 
surface ptojecaons of posteromedial 
limits 304* 

systemic diseases 360 374 
aftertetralogy ofFallotsurgery 300* 
Thorotrascin in aborted fetus 1438* 
torsion 339 

traumatic lesions 339-340 
in tuberculosis (see Tuberculosis 
pulmonary) 
in uremia, 370 

LvcoFEROONOsis pulmonaiy 420 

LYtlNCESnON 

esophageal stenosis after S97* 
nasopharynx and epiglottis after 
596* 

Lymph nodes 
abdominal 576 577 
calcifying 576*-577’ 
enlarged 409* 

granuloma eosinophilic 383* 
in histoplasmosis 423* 
hypertrophy in tuberculosis 409* 
mediastina] normal, 426* 
penbronchial 298 
tuberculosis 230* 419* 
Lymphadenitis calcipying 409 
tuberculous 576* 

LmpHArtciacTASiA 

intestinal 633* 


lung 1458* 
congenita] 378 
Lympranciociiapht 
in ascites chylous 1537* 
faepaitc oil embohsm after 1421* 
innewboiro 1419-1422 
Lymphangioma 65* 
bone lymphangtographyof 1422 
forearm 1273* 
mediastinum 438* 
retroperitoneal 1564-1565 
widely scattered 1273* 
Lymphangitis calcifying 409* 
Lymphedema congenlul 

lymphangiography in 1420 
Lymphobuistoma 1277 
mediastinum 435 436* 
Lymphoid htpeuplasia (tee 
Hyperplasia lymphoid) 
Lymphoid TISSUES calmficationsin 
extremities 661 
Lymphoma 

In ataxia ielangieciasia.S71 
cecum 702 

lymphangiography m 1419 
malignant. 1277 

multifocal Donleukemic mandible 
In 126-127 
venacavography 1413 
Lykphosabcoma 
bone 1277 
bowel 702* 

lymphangiography la 1419 1420* 
mediattinum 4i^* 
pyelographyln 1430* 
scannmgtn 1430* 
of small Intestine 673* 
lubularbones 1277* 


M 

Mach EFFECT 1585 1588* 
MACRiNCtpRAET pneumography in 
148* 

Macrochania 145 149 
hydrocephalus causing 14S*-I46* 
Maoelunc s DEPOBMlTy in mesomelic 
dwarflsm. 1008* 
MAITUCCItSyNDBOHE 1025 
Maleormations (tee Anomahes) 
Malleolus 
of fibula 929* 
fracture IIIO* 1113* 
oftiUa.928* 929* 

Mandible 121 129 
anatomy normal 121 124 
uiBuikillsluinor 126-127 
cysts 125-126* 
diseases 124-125 
in dysplasia, hereditary ec t odermal 
127* 

fractures I2S 
In hyperostosis 1216* 
infantile cortical 125* 1214* 

'J2I9* 1221* 
hypoplasia. 124' 
neoplasms 125 126 
osteomyelitU 125 
inPylesdisease 107D* 

In rheumatoid arthrlHs 127—128 
InWeyets facial dysostosis 124-125 
Mannosidosis 1057 
ManubuUM tnnulatiiig aotde knob, 
1575* 


Marble 

bones (see Osteopetrosis) 
mvagma 832* 

March FRACTURES ms 1123 
ofmetatarsal 1109* 

Marfan s stndrome 1058 
cbestin 254* 

Marrow 

cavity ofbonesof extremities 881 
oxalate crystals in 796* 

Martin s Method ui hip dislocation. 

Mastoiditis 115*-117* 118* 
inTowneprojection 117* 
Mastopleocvtosis 1324* 1325 
Maxilla 

Indwaifism diastrophic 1019* 
growth of 104* 

In hyperostosis corhcal infantile 
1219* 

osteomyelitis 129 
Maxillary sinuses 106-110 
factitious clouding 109* 
growthof 104* 105* 
inflammation 106-110 
lateral yfete J07’ 

In Mediterranean anemia HO' 
variants of 107* 
in Water sprejecDcn 106* 
McCVNE'AUBICHTSYNDROME 1061- 
1062 

differenual diagnosis 1233 
McKusicxHvpoPLASu cartjlage<halr 
1035 

Measles ENcEPKAPOHYiiiTta 
calcification after 857 
Mbatal STENOSIS 782-793 1552 
in girl cinecyitourethrographyof 
792* 

Mbatotomy in stenosis 792* 

Meckel SDtvxRTicuLUM 635 637* 
1507 15I0*-1S11 
Meconium 

aspiration syndrome 1451* 1453 
empbysemaafter 1452* 
ileus 651*-653* 1502-1507 
complicated 1504 1505* 
cystic fibrosis of pancreas and 
652* -653* 

"equivalent, 652* 
pseudocystsin 1S07 1508* 
uncomplicated I502*-1503* 
peritonitis (see Peritonitis 
meconium) 
plug 

obstructive 679* 680 
syndrome ISIS ISIS 
pyopneumopeiitoneum 553* 
Mediastinum 425 443 
anatomy normal 425 
anomalies congenital 431 
change inaewbom 429* 
colonic surgical graft in 434* 
cross-section 425* 
cyits 430-441 
Innewbom, 1443* 
diseases 431 443 
rubberbandsimulating 1576* 
displacement into hemi thorax. 316* 
effect of inspiration and expiration on 
silhouette 469* 
epfaysema (see Emphysema, 
mediastinal) 

esophageal dJation and 443 
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ganglioneuroma 437* 
germmoma, 435* 
granuloma, eosinophilic 441* 
hemangioma, 442* 443 
hygroma cystic 438* 
hypertrophyin tuberculosis 409* 
inflammations 431 434 
lateral projection 42$* 
hpoma 438* 

lymphoblastoma, 435 436* 
lymphosarcoma, 436* 
mass,nght venacavography of 
1417* 

meningocele 443 
mesenchymoma 438* 
neurofibroma, 437* 
neuroma, 436 438 
reticulosis proliferative 441* 
roentgen appearance 425 431 
sarcoidosis 419* 
sarcoma 1443* 
shadow 

large andsuddendeath 454 456 
•upraeardiac (see supracardiac 
shadow betou') 

variations due to thymus 452* 
shift secondary to emphysema, 

1464 1466 

shrinkage In newborn 429* 
spina] abscess and 443 
subdivisions tcheniauc 
representatloa. 428* 
tupracardiae shadow 
influeoea of padent position on 
width, 430* 

influenceresplraaon on width 430* 
ntanon of thorax causing 
widening 430* 

width diRunuaon innewbon 429* 
teratoma, 439* 
tumors 434 443 
widemng andpatentductus 
arteriosus Sll* 

MEDimaArrcAN anCkia (see Anemia 
Mediterraneah) 

Meouilasy CANAL ofbonesof 
extremities 881 

MEDULLOSLASTOMA CISEBEILAB, JSl' 
189* 191* 1279* 
metastaoc 1282* 

MegacoloN 686 698 
aganghosic 686 695 1511* 
companson of radiographic 
findings and ganghon cell counts 
692* 

Down s syndrome and, 687* 
Duhamel operation in. 694* 695 
long segmental type MO* 693* 
saccular regional, 692* 
segmental patterns in schematic 
dravnngs.691* 
typical 686* 

of cehac disease 697 698 
functional 696* 697 
mechanical 695 697 
myentencplexus absence ui. 686* 
neurogenic 688* 691* 695' 
cohos and 689* 
rectal aganghonosis and 689* 
neuromuscular (see aganglion c) 
psychogenic 696* 697* 
rectal aganghonosis causmg 690* 
in syndrome of multiple anomalies 
771* 


MEGAKxcttiM 695 697 
Melena and ulcer 621 * 
MrXORMEOSTOSIS 
ofLin 1042 1044 
osteopcdlolosis and 1060* 
Menetkier s mSEASE, 624 625* 
MENtNcms and arachnoiditis 179* 
htENlNGOCELE,35 37* 
intramediasunal 443 
mtratboracic lateral 1367 
neuroentenc cyst and 1468-1469 
rachischisis below total lumbosacral 
1367* 

anterior 1368* 
ventral 1367 

m syndrome of multiple anomalies 
790* 

MENlNCOENCEPtlALmS and 

cytomegalic inclusion disease 

137* 

Menincoencepkalocele 36* 

blENtNCOMYELOCEU: 

Arnold Chian malfonnatioo and 
180* 

lumbosacral tn newborn, 1365* 
MeNKessrMotoME.216 2t7‘ 
Mentalretaeoation IdS-L-O 
dwarfism 1076* 

MenstroaLabsorbcnt Imageof 719* 
MLBCUBYFOMZSINHALATtON lu&gS 
after 371 

Mcsenchymoka ofmediasonum 
438* 

Mgscnteby 574 575 
cysts (see Cyst(s) nesenienc) 
defects 639* 649 
fibroma. 574* 

vaieutarocclustoR.666 667 
Metacabpals 
aplasia. 980* 

uiarthnos rheumatoid 1341* 
in Btachtnan-de Lange eyndioaie 
1073* 

cortical walls thickening m newborn 
900* 

cuppmgof 900* 
cysts 1255* 
aneurysmaL 1260 * 

10 Eihs Van Creveld syndrome 1017* 
Inenctioiidromalosis 1028* 
eplpbysealcaitilagesof ossification 
centers of 898* 
flattening and cupping of 898* 
fractures 1088* 

giantismsDdlipomaiostsof 651* 
lAgonadaldysgenesis 1313* 
in hypeipbospbatasenua, 1234* 
hypoplasia. MO* 983* 
in hypothyroidism 1300* 
uregutai segmentation 983* 
in mucopolysaccharidosis I 1054* 
osteitis 1289* 
in osteopetrosis 1035* 
laida, 1039* 
in spina ventosas 1202* 
MetaehtsisCes) 
abscess 1192* 

bands nmnal primary zones of 
calcificatioD 964* 
m cartiiage plate 878* 
cleftslnscBivy 1241* ^ 

cuppmgof traumatic 1129 1131 
defects tn coxa plana. I159*-116l 


defects cystic mesenchymal 
proliferation and 
hypervasculantyeauslng 1276* 
dysostosis (see Dysostosis 
metaphyseal) 

femur(see Femur metapbysis) 
growthumtsof 874* 
normal structure 874 
of phalanges uneven cuppmg 897* 
radius (see Radius metaphysis) 
in rickets 1226* 

saw tooth, in syphilis ininfant 1207* 
sponglosa. longitudinal striauons 
955* 

spread of infection into articular 
I space 1198* 

stress fractures and deformities of 
1148 1185 

in syphilis Inmfant, 1204* 1207* 
Metaphysitis 1194* 1202 
insyphihs Infantile 1205-1206 
tuberculous 1200' 

Metastases 

to bones of extremities 1277 
brain 187* 

lungs hematogenous 375-378 
tneduUobUstoma cerebellaj 1282* 
neuroblastoma. 97* 
adrenal 808* 

ovanan cancer to lung 376* 
Tetuiobtascomaof skeleton 1278* 
rhabdomyosarcoma 
embryonal 1279 1280'- 1281* 
spine 1396* 

sarcoma. Ewing in lung 376*-3?7* 
teratoma mediasnnum 439* 

Wflms tumordee Wilms tumor 
metastases) 

Metatarsals 

anatomic vananons 912 918 
apophysis 921* 
in arthritis rheumatoid 1339* 
clefiincorticalwall 916* 
depression in corneal wall. 916* 
indiaphysiQs syphilitic 1208* 
distal end, osteochondrosis dissecans 
1164-1185 

fractures 917* 1108 1109* 

Frelbergs I]ei*-1182* 
fusions congenital 984* 
irregulantiesln bps 916* 
inlateralobhqueprojectlon 917* 
oversegmentation 983* 
synchondrosis 914* 
in vitamin A poisoning 1245* 
Metatarsus varus 938* 

Metopic suture 32* 
skull fracture and 70* 71* 

Meter femoral head dysplasia, 
1161-]]67 

METEROmc 8 classification In 
spondylolisthesis 739* 
MicbENCEPhaLT 143* 1580* 
pneumoencBphaJographyln. 144* 
Microcardia. 478 
asthma and 477* 

Microcephaly 
In Cockayne s syndrome 1075* 
diploic space In 144* 
encephalitis and 135* 
pneumoencephalographyin 202* 
MicaoccTLON fQa 1506 1507 
MiCBDCBANtA. 143 145 
pneumoencephalographyin. 144* 
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Mickodactyly andfibrodysplisla 

ossificans progressiva 855-857* 
Microgastru 613 614* 
Microlithiasis pulmonaryalveolar 
379-380 

Microphthalmia nght sided 140* 
Micturition innewbompenod 1542 
Midgut 

fixation normal 1496* 
malrotation 
nonobstrucnve 649* 
preduodenalportal vein and 650* 
rotation 

normal schemafrcrepresentatlon 
646* 

reversed scheraaticdrawmg 647* 
volvulus 647* 649* 1501* 

Mikity Wilson syndrome 1450 
Milk allergy pneumonia, 368 
Milkman 8 CLEFTS 1309* 

Milkmans SYNDROME 1229-1230 
Mineralization 
focal irregularity of 961 
normal irregulannes common sites 
for 962* 

patella irregular 1176* 

Mitral VALVE 526-828 
disease 

eardiacshadowu) 524* 
combined with tneuspid disease 
525* 

insuffleieney 508 527* 
rheumatic fever and 526* 
stenosis 
congenital 508 
rheumatic fever and 526* 
Modeling 966-969 
Molar thud ectopic lOS* 

Mongolism (see Down s syndrome) 
Monilul infections 597 599* 
Monilusis pulmonary 420 
Mononucleosis Infectious lungs in 
366 367* 

Montegciaspracturi 1098* 

MORCELLATION OFEKATION fot 

craniosynostosis 47* 

Morgagni HERNIA 6eo*-561* 

Morquio s DISEASE 

(mucopolysacchandosis 4} 
1055-1057 

MoYAMOYA cerebral VASCULAR 
DISEASE 217* 

MPS (see Mucopolysacchandosis) 
MUCOPOLTSACCHAB/Dosrs I£M4-1057 
I (Hurler s syndrome) 56-57* 
1045-1055 1370* 
2{Hunter’8syndrome) 1055 

3 (Sanfilippo syndrome) 1055 

4 (Morquio s disease) 10SS-I0S7 

5 (Scheie s disease) 1057 

6(LamyMaroteaux) 1057 
rheumatoid type 1057 
vertebraln 1369 
Mucoviscidosis 360-364 
Multangular normal Irregular 
mlneraliration of 901* 

Muscle 

abdominal absenceof 
congemtal 793*-794* 
scan of 1431* 
scanof technetium 1546* 
atrophy (see Atrophy muscle) 
calcification 


of extremities BQo.ggi 
afterpidiomyehtis ^57 
defectsin stomach 613 
dystrophy of (see Dystrophy 
muscular) 

pectorahs major absence 264* 
postpcdiomyelidc 872 * 
tnceps defect in head of 867* 
Mycosis 

In aneurysms 216 
In osieomyehtis 81 
pulmonary 420-423 
Myelography 
in diastematomyella^ 1366* 
menmgocele anteriorsacral 1368 
spinal cord angioma 221* 
spondyloUslhesis Second degree 
222 * 

Myelomeningocele ^tee 
Meningomyelocele) 
Myenteric PLEXUS absencem 
megacolon 686* 
Myocardiopathy (tee 
Cardiomyopaihy) 

Myocarditis 524 

Myocardium TUBERCULOSIS 

pneumopencaniiographyin 53 
Myopathy 

knee and paiellaln 869* 

Werdiug Hoffmann 870*-87]* 
Myositis 

calcifying acuteidiopaihic 657-81 
ossificans 

acuteidiopaihic 8s8* 
circumscnpia 859-860 
local 858* 

progressiva. 545* 855-857* 
uaumatic localized 859-860 
pyogenic 857 
Myxoma heart 532 


N 

Nails hypoplasia 1329 
Nasal septum deviation 101 104 
Nasocastmctube 565« 
Nasopharynx 

after banum study of swallowing 
585* 

In cncopharyngeal achalasia. 586* 
lateral wall 100* 
after lyelngesuon S9 g* 
nasogastric lubeinplaceu 5SS* 
NAVicVLAa.923* 924 025‘ 
fraciores J 088 *- 1089 * 
false 926* 

Neck, 226-245 
anatomy 226-230 
calcifications physiologic 229-230 
In chondrodystrophy caktficans 
ccngemla, 1010* 
hygroma cystic 438* 
lateral piojeclion normal 227* 
at 2 days 228 * 
atlOyears 228* 

In myositis ossificans progressiva, 
545* 

softtissuepalbology 230 
structures derived from branchial 
arches 231* 

Necrosis 

caipalbones 1178* Il79*-Iie0 
in enterocobds 669 1518-1524 
1562* 


fat subcutaneous in newborn 852- 
854 

focalasepnc miscellaneous 1177- 
1178 

gastritis and zinc chlonde 620 * 
ischemic 1148 
sitesof 1149* 
kidney 1557-1558 
metatarsal head ischemic 1182 
pulmonary 372-373 
Neonate (tee Newborn) 

Neoplasms (tee Tumors) 

Nephritis 

cardiac dilatation in 528 
osteomaJaciadueto 1323 
Nephrography 758* 
mnephronobstruction 1557* 

In Wilms tumor 1404* 

Nephron obstruction nephrography 
m 1557* 

Nephrosis 
abdomen in. 547* 

Prednisone for extremmes after 
1311* 

Nephrotomography 770 
of spleen cyst 1401* 

Nerves 

calcifieaoon m Qssues of extremities 
862-663 

infraorbital neurofibromatosis of 
110* 

Nervous system central 
diseases extremiaesin 1317-1320 
scanning 1429-1431 
Neural TUMORS of extremities 1268 
Neurenterjc CYSTS 642-M4 
Neurenteeic REMNANT ichematic 
drawingsof 643* 
Neuroblastoma 808-811 ]252 
1253* 

adrenal 81S* 1405* 
calvaria In 606* 
metaitasesin 808* 
in newborn 1559 
aortography in 809* 
retroperitoneal left 1405* 
artenography in 1407 
ganglioneuroblastoma 810* 
venacavographyof 1415* 
kidney in, 807* 809* 81O* 
lymphangiographyui 1419-1420 
1421* 

metastatic 97* 
in newborn, 1562-1564 
proptosis and. orbital 1432* 
letroperitone^ left 1405* 
spine 1394* 1396* 

Neurocentral synchondrosis 
1355* 

NeuROENTxaic cyst 
gas-fiUed 15ID* 
with meningocele 1463-1469 
Neuropibboma, 245* 
mediastmum 437* 

NlUROFiaROMATOSIS 

gliomaand optic 1434* 
of infraorbital nerve llo* 
kyphosis of cervical spine and 245* 
ofRecklinghauscn 1268-1271 
Neurogenic bladder, 1541’ 

Neurogenic UROPATKY in syndrome 
ofmultlpleanomaliet 790* 
Neurolipidosis pneumography tn, 

206* 
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Neusoma mediastinum 436-438 

NEimOMUSCULASDlSEASE lup 

dislocation in 734* 
Nzutrophildefect liverscanin 
1428* 

Newborn 1397-1570 
angiography 
safety of 1412-1413 
umbilical 1408-1413 
artenography 1403-1419 
bileductsof 1531-1538 
bismuth bands tn 975* 
bowelof small 1502-1511 
carbon dioxide contrast studies in 
1413-1435 
chest of 1436-1477 
surgical conditions of 1459-1477 
colon of 1511-1531 
diagnosis specialprocedures 1399- 
1435 

ductus bump 1453-1455* 
duodenum of 1495-1499 
esopbagusof 1483-1492 
gallbladderof 1531-1538 
gastrointestinal tract of 1478-1538 
gemtal tract of 1539-1570 
hemivertebra combined 1361* 
hemolyoe disease of 1279-1282 
hvexof 1531-1538 
lung of 1438* 

lymphangiography 1419-1422 
memngomyeloeele lumbosacral. 
1365* 

micturition of 1&42 
osteosclerosis of normal 960* 
pyelographyof screening 
intravenous 1570 
KSpuatory dutiess (see Respiratory 
distress, of newborn) 
scanning of 1422-2431 
spina bifida, 1361* 
stomach in (see Stomach in 
newborn) 

tachypnea transient 1444-1445 
temporal bone in 113* 
ultrasoundand 1431 
unnarytractof 1539-1570 
venacavography 1413-1419 
NtzMANH Pick DISEASE 382 1299 
Nitbogen dioxide 

BBONCHOPNEUMONIA 371-372 
Nocardiosis pulmonary 424 
Nose, 99-104 
cysts dermoid 101 103* 
external 

diseases of 99-100 
fractures 99 

malformations congenital. 99 
foreignbodies 101 
fossa 

frontal section 99* 
lateral wall 100* 
fractures comminuted 101 * 
internal 

diseasesof 101-104 
malformations congemtat 101 
in mucopolysaccharidosis 1 1047* 
1053* 

neoplasmsof 101 
nornial 99 

In Rubenstem Taybi dwarfism 
1077*-1078* 

Nocbai. ABSCESS gauzeln 1574* 
Ndcleaxmedicine andnewbom 


1422 1431 

NucLEUspuzposDs calcificabOR 
1386* 


O 

Obesity skeletal maturatioa in 1317 
Occipital OSSICLES symmetrical 19* 
OCCIPITALSOOAMOSA 30* IIS* 
Satteningof 45* -46* 

Odontoid PBocEss 239* 
absence 240-241 
Odontoma 126* 

Olecranon 

fatpad displacement 1102 * 
ossificauon center sunuiatmg 
fracture 907* 
process 905* 

in rheumatoid anhnDs 1345* 
synchroodrosisol 906* 
Oligomecanephronie 774-775 
Olliers dvscondroplasia 1024*- 
1025 1026*-I028* 

Omentum 574-575 
Omphalocele 544* 1501* 
OKPHALOSteSENTRICDUCT S43* 
patent 1511* 

persistence anomahesdueio 
schemaQC drawings 543* 
Ondinescurse. 529 
OPAcmcATiON total body in newborn 
1399-1403 

OPPENHEUt S DISEASE. 870* 

Optic roRA»fEN$ 194’ 

OpTtCCLIOMA J94* 
neurofibromatosis and 1434* 
OIUroxt classification of 

ANOKALIC*OyUTREMntES 979* 
Orbit 105* 
foreignbody 1589* 
fcaciure blowout. 73* 
proptosis 1432* 

OHODicrroPACut syndrome 

extreimncsift 1315-1317 
Os 

aceiabuhmarginaLs superior 722* 
supranaviculare 925 926* 
supraialare 923' 

calocalcaneuOLanomahes 927* 
QbialeexleiDtim 924 925* 
tngonum 923' 
vesahanum 917* 

OSGOOD-SCHLATTER LESION 1168* 

1170* 

Ossification of AchiUesiendon 859 

Ossification CENTERS 

avulsion traumatic 1170 
of bonesofextreimoes 879*-881 
secondaiy 881 885 
secondary epiphyseal tune 
schedule for appearance 882* 
683* 

calcaneus double 920* 
atdifferentmonibsofage 893 
elbow 906* 
secondary 893* 
in feet 884' 
femur 

accessory 946* 949* 
accessory fosionof 948* 
e pi physeal fractote 1162 * 
epiphyseal Meyer sdysplaaa of 
1164* 

m fetal skeleton 887* 


hand (see Hand ossification centers) 
humerus (see Humerus ossification 
centers) 

ofmetacarpals 898' 
innewbom byrace sex and birth 
weight 688 

olecranon simulating fracture 907* 
patella (see Patella ossification 
centers) 

pelvis accessory secondary 722* 
phalanges (see Phalanges 
ossification centers) 
nb 279* 
scapula. 275* 
sht^dei 693* 
talus 922' 
double 924* 

of tarsal bones appearanceof 879* 
tibia 933* 

epiphysis stress sclerosis 1176 
toes 917* 
great, 915* 
trochlea, 906* 

vertebra (see Vertebra, ossification 
centers) 

ofwnst 893* 698-904 
Osteitis 

femur staphylococcal 1165* 
fungal 1204 
Ihum pyogenic 747* 
ischium tuberculous 747* 
metacaipaJs 1289* 
pelvic bones 747 
phalanges 1269* 
pubic bones and Dbia, 746* 
pyogenic 1209* 
sickle cell anemia and 1289* 
insyphihs 61* 
overcalcificaoon 965* 
viral 1203-1204 
Osteoarthritis 1338 
Osteoabthropatky pulmonary 
exaenutiesin 1321* 
Osteoblastoma benign 1249 
Osteochondritis vertebrahsofC«]v4 
1377* 

Osteochondroma 
epiphyseal 1258* 
sohtaryexternal 1249* 
Osteochondrosis 
dissecans 1182-1185 
metatarsaldistalend 1184-1185 
Frelbergs 1J81*-1182* 
humerus capilellum 1176-1177 
ischiopubic juvenilis 743 - 747 
juvenilis 1148 
contrasted with normal 
cuneiforms 927* 
sitesof 1149* 
pubic bones and tibia. 746* 
radialhead 1177 
Osteodysplasia aunculo- SO 
Osteodystrophy FiRRosA 1061-1062 
Osteogenesis imperfecta. 54-56 
1037-1042 
aimtn 1043* 
fractures of 1040* 
bowingln 1041* 
femurin 1042* 1043* 
honeycombpattemfn. 1041* 
humerus tn. IIM I* 
p^etalbonesln 1041* 
pelvis in 740 

phosphorus bands end 975* 
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Osteogenesis imperfecta feont ) 
tibiain 1039* 1043* 
vertebra in 1370 1371* 
OSTEOmoSTEOMA. 1262- 1264 
vertebra 1394* 

Osteolysis pelvis 1274* 

Osteoma 

osteoid 1262-1264 
vertebra, 1394* 
latrras Y2!o’ 

Osteomalacia nephritis causing 1323 
Osteomyelitis 

casein muscular atrophyafter 872* 
hands 1289* 
hematogenous 
of calvaria 78* 
pyogenic (see pyogenic 
hematogenous below) 
infantile 1198-1199 
complications 1198-1199 
low grade 1269* 
mandible 125 
maxilla, 129 
mycotic 81 
patella 1199 

pyogemc hematogenous 1193-1199 
healing 1194* 
localized 1196-1198 
pemcillinin 119S-1196 
roentgen findings 1194-1196 
sclerosing 1197* 1198 
sicca 1198 

Osteopathia stmata 1035 1028* 
OSTEOPSTflOStS 57-98* 
congemta 1035-1037 
nckets and healing 1037* 
overcalciflcaQonln 965* 
tarda 1036* 1037 1038* 
mseacarpalsln 1039* 
underconsenceionin 966* 
vertebra in 1370-1371 
OsTiOPonuLOSis 1099-1061 1325 
melorheoitoslsand 1060* 
Osteoporosis and 

mucopolysaccharidosis 1 10te‘ 
1050* 

Osteosclerosis 
berngnidiopathicfaimlial 1065* 

1066 

oS new\)om i«>rioai 960* 
Oto-palatal-dicital syndrome 50 
Ottos PELVIS 749-750 
Ovaries 

cancer metastasestolung 378* 
dysgenesis causmg skeletal changes 
1312-1314 
teratoma cystic 834* 
underfuncQon causing skeletal 
changes 1313 

OvERCALCinCATION 

focal, 966 
generahzed 965 
Overconstriction 967-969 
Overgrowth 
generahzed 976-977 
localized 977 

Ovehsecmentation of digits and 
metatarsals 983* 

Ovotestes bilateral 843* 

Oxalate 

crystals in marrow 796* 
stone In bladder 796* 

Oxalosis 1309* 

Oxygen toidcity lung 1448* 


P 

Pacchionianboiues 
calcification 131* 
Pacchionian DEPRESSION 29*-30* 
Pacdtbi 
asartifaci 1S82* 

Pain 

abdominal 621 
m Crohn 8 disease 668* 
knTeOocecai and retroccAic 
appendix 70S* 

insensitivity to congenital 1135*, 
1146* 

sensitivltyto diminished and 
Koehler t disease 1 166* 
PaLATAI. OTO-DICITALSVNDBOME SO 

Palatine TONSILS (tee Tonsils 
palatine) 

Palsy Erbs 1463* 

PANARTttRms hemophilic 1295* 
Pancreas 571-573 
annular 649-651 
duodenal obstruction due to 650* 
calcifications in dwarfism, 572* 
cystic fibrosis (see Fibtosis cystic) 
duct fistulouscommunicaucnwith 
gastnc duplication 641* 
hematoma causing duodenal 
obstruction 661* 
pieudocysi 571* 
traumaac 1320 
sarcoma reiiculumceU 571* 
PaNNERS DISEASE 1176-1177 
Panostbitis syphilitic 1205* 
pAPaLAorVATBR fiUlngdefeci and 
jaundice 566* 

Papilloma 

choroid plexus ventnculograpby of 
192* 

larynx 237 

Papillon LRaceaNdPsaume 

ORODIGITOFACIAL SYNDROME 

1315-1317 

PaRACONDTLAR PROCESS 30* 

pARAGONisnASis puliDonary 424' 
Paralysis 

bone injunes associated with 1129 
diaphragm 288* 

pescavusafterpoliomyelius 1191* 
PVHAS-TWCWIST 051.-255 
Faranasalsinvses 104-111 
in dorsoveniral projecdon 105* 
frontal SecDon 99* 
Tarasiteshapow 1588 1589* 
Parasitic muscular CAlcmCATioNS 
860 

Parathyroid 
dysfuncoon, sknU in 82 
skeletal changes due to 1303-1306 
Parent ntrANT trauma syndrome 
1132-1148 

PARIETALBOHE(seeBone(s) panetal) 
Parr s transverse lines (see 
Transverse lines of Park) 

Pass ARTicULARis defect In 
spoDdylobstbesis 738* 

Patella 

analomicvariaocns 940-943 
In aithntif rbeumaloid 1340* 

in chond rod ystrcphrcalclficajis 

congenita, 1009* 
diskKaUon J123* 
congemta] lateral 1332 

in dysplasia, epiphyseal 1029* 


1 fractures 1123-1125 

I ventralsuperioredge 1123* 

I m hyperostosis eorhcal infantile 
I 1213* 

marginal segmentaQon of 942* 
minerahzationirTegulanties 1176* 
ossification centers 
absence and myopathy 669* 
extra, 942*-943* 
osteomyelitis 1199 
sclerosis stress 1174 1176 

ductus arteriosus (see Ductus 
artenosus patency of) 
omphalomesenteric duct 1511* 
Pathologic FRACTURES 1131-1132 
Pectus carinatvm 252 
Pelvis 715-750 
(See also Ureteropelvic) 
achondroplastic 740-741 1002* 
comparison with normal pelvis 
740* 

anomalies congenital 730- 740 
bones (ree SoneCs) pelvic) 
calcuUin 795* 

in chondrodystrophy calclficans 
congenita, 1010* 
diseases 740-750 
in dwarfism diasoophic 1020* 
in enchondromatosis 1027* 
in Engelmanns disease 1064* 
exostosis eaiolapnous 1023* 
fibromatosis 1275* 
fractures (see Fractures pelvis) 
in gargoylitm 742* 
mass axialpnjectionofpenis 
mimicing 1574* 
menstrual absorbentimage 719* 
mlnerahzaDon noimd irregularities 
962’ 

in mongoloidisDi 741* 
measurements 742* 
normal 717- 718 740* 
girlatlOyeats 717* 
measurements 742* 
vanaDons 719-730 
ossificarion centers accessory 
secondary 722* 
in osteogenesis Imperfecta, 740 
1174* 

in osteopoikilosis 1060* 
inosleosclerosis 1067* 

Ottos 749-750 

phosphorus bands In bones 721* 
InPylesdisease 1070* 
ren^ (ice Kidney pelvis) 
roentgen appearance 718-719 
abnormal soft tissues 718-719 
normal at different ages 720’ 
normal skeleton 7l9 
normal soft tissues 718 
sarcomaof Ewuigs 1270* 
shadow 

cast by penis 719* 
in mid pelvic plane due to 
overlapping buttocks 719* 

insofttissuesofbutlocks B6S* 

In thigh, 1573* 

Penicillin Inosieomyelids 1195- 
1196 

Penis 

axial projection mimicing pelvic 
mass 1574* 
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shadow cast by, 719* 
urethral onfice at base of. and 
hypospadias, 831 * 

Peptic oi-cers. 621* 

Periappendiceal ABSCESS In 
perforated appendix, 703* 
PEMCAEOms. 529-532 
constncUve, 532 
calcification In. 531* 
hemopencardium simulating, 
traumatic, 529 
idiopathic, 529 
Fericabdicm 
absence, 509 

anomalies, congenital, 509 
celomic cysts, 443 
effusion. 531 

CO, contrast studies in, 1431-1434 
epicardial fat shadows in, 529 
fluorography of, 463 
largepurulent, 531* 
nghi cardiodiaphragmanc angle In, 
531 

fat pads in, 529 
m tuberculosis 529 
Perichondrium tight terminal 

attachments of periosteum and 
pencbondrium, 1133* 

Pericolic ABSCESS inulcerative 
eoltns, 704* 

Periosteum 
chondroma. 1256- 1257 
differences, and attachment to 
underlying cortex, 1133* 
dystrophy, congemial. 1037- 1044 
norma] structure, 873-874 
Qght leminal attaehmentsof 
penosteumand penchondnum 
1133* 

PEUTONtuH, 546-556 
(See also Recropentoneal) 
abscessdue to perforated appendix, 
707' 

adhesions, 650*, 659* 
uands, obstructive congemtal,648* 
eventrations. 292-293' 
hemangioma. 546* 
bematoma. 661 * 
sacculation, localized, 650* 
Peritonitis 


wute generalized 548-549 
wum, 554 - 556 
bile, in newborn, 1537* 
mecomum, 1505*. 1507, 1509* 
calciferous plaques m, 553* 
cystic fibroas and. 1399* 
ietal,552-554 
mtescmal obstruction and, In 
newborn. 554* 

silver nitrate simulatmg, 1575* 
perforated appendix and. 548*, 703* 
^thes coxa plana, 1161* 
«SCAVUS.1191-1192 
«TROUS PYRAMIDS, 117,119* 

Phalanges 

absence, fiunihal 1325 
accessory ossicles, 913* 
anatomic variations, 912-918 
aplasia. 980* 

in arthritis, rheumatoid. 1339* 
in Brachman-de Lange syndrome, 
1073*. 1074* 
cysts, 1255*-1256* 
InEIhs-VanCreveld syndrome. 1017 


m enchondromatosis 1028* 
fractures (see Fractures phalanges 
in frostbite 1033 
In hypeiphosphatasemia 1234 
hypoplasia 

metaphyses uneven cuppmg 897 
assificaUonceDters 915 916* 
epiphyses 896* 
sclerosis of 1173-1179 
osteitis 1289* 
osteoma, osteoid 1264* 
pseudofractureof 896 
sarcoma of, Ewmg s 1 2''0 
sclerosis (see Sclerosiv ph^ani,es) 
segmentation failure 98,^ 
m spina v eniosa. 1 202 
m tnchorhmophalangeal s^n 'come 
1013* 

Phallus (see Penis) 

PHARYMCOESOPKAGEAL OtVEBIK I Lt M 

593* 

Pharynx. 230-235 
anomabes congeruial 2 i 0 - 'J' 
foreign bodies 234 
axial projecuoo of u< ul j 
simulating I57S 
mffammation 231 234 
neoplasms 234-235 
poucb persistence causing cysts and 
fistulas 231' 

remDant.ofbypophysialdusi in 
newborn 15^ 

retropharyngeal abscess 234* 
safety pin in 234* 
Phenylistonuria extremities m 
1319 

Pkeochromocytoma pneumography 
tn.816' 

Pklebouths 

cavernous bemangioma and. 644 ' 
m varicosities m foot. 862* 
PkocoM£LU,979* 

Pkosphorusbands mbones.721*. 
975-976 

''Pickwickian synobome" 529 
Pierre Robtn SYNDROME nbfractures 
in 283* 

Pigeon breast, 252 
Pigeon breeder's disease 369 
Pigtail of hair as artifact 1576*- 
1578* 

Pin SeeinmaiiJi,nugiationof,865* 
Pineal 

body, calcification 130* 
skeletal changes due to, 1310 
teratoma, 195* 

FiNEALOMA, 195* 

FisiroRM normal irregular 
nuneializabon of, 90 1* 

PITS. 1132-1148 
Pituitary 
dwarfism, 1310 
fossa (see Fossa, pituitary) 
skeletal changes due to. 1308-1310 
Plagiocemialy, 46 
Plantar TLE xiON ofialuslnflatfoou 


Planum POTLiTEUM irregular 
overgrowth. 957* 
Plasterbodycast foYSCohosis. 

duodenal obstructKHi after. 6< 
PlEOHOSTEOSIS 1015 
Pleura. 302- 304 
diseases, 384-401 


effusion 

cardiomegaJy and tachycardia, 
475* 

chylous, m newborn, 1459* 
free. 385-386 

free, explanation of shadows from, 
386* 

m glomerulonephritis. 475* 
inflammations 385-396 
locuIaUons 386-396 
in costal segment, 390 
effect of position on visualization, 
388* 

interlobar, 392-395 
m mediastinal segment, 390-392* 
penlobar, 395-396 
supradiaphragmatic, 395 
neoplasms 399-401 
surface projections of posteromedial 
limits 304* 

thickening in lobar pneumoma, 349* 
tuberculosis 412* 

Pleurisy 

chronic suppurative 396 
hyperostosis after, 284* 
mediastinal. loculated, 391* 
rheumatic, 365-366 
streptococcic, 389* 
tuberculosis and. pulmonary, 411* 
Pleurorericardial defects CO, 
contTsststudiesln 1434 
Pleurofulmonartune position and 
course of, 303* 

Plumbism bands after 974* 
Pneumatization of temporal bone, 
113-115 

Pneusutocele 338*, 1587* 
bronchial obstrucuoncausmg 339* 
disappearance of. 337* 
emphysema causing 336* 
gas pocket simulating, £66* 
posQnfecDous, 1469 
resemblmgeysts 337* 

Pneumatosis iNTEsriNAtts, 669-670 
seimschematic drawings. 669* 
Pneumoarthrocraphy. 1331* 
Pneumocephalus 
extracranial traumatic, 76 
mtemal, 76 

Poeumocystiscannii pneumonia, 
366-363 

Pneusioencephalocraphy, 154*- 
155*,434* 

chewing gum in hair as artifact in, 
1578* 

emphysema and 

pneumomediasCmum 
complicating, 164* 
encephalocele, 211* 
macrocrania due to hydrocephalus. 
146* 

micrencephaly, 144’ 
microcephaly. 202* 
microcrania 144* 
ventriculaispaces 156* 
Pneumography. ISI- 152 
craniopharyngioma, 193* 
hematoma, subdural 199* 
macrencephaly, 148* 
neurolipldosisin,206* 
in pheochromocytoma. 8 1 6* 
transilorynatural 1329-1331 
Pnxumomediastinocraphy. 1435 
Pneuhomedustinvm. 431, 433* 
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Pneumokedustinum (cont ) 
airblock and, 1453* 
autopsy ipecimen 1457* 
complicating 

pneumoencephalography 164* 
factitious due to airln lungs 278* 
loculated 433* 

Innewbom 471* 
urethral valves and m newborn 
1553* 

Pneumonia 340-360 1587* 
alveolar 341 

granulomatosis and progressive 
septic 365 

massive localized (see lobar below) 
retrocardiac 351* 
scattered 354 3SS* 
aspiraaott,366 367* 
emphysema due to obstructive 333* 
interstitial 341 
bronchopneumonia 355-360 
faronchopneumoma, chrome 360 
complicating chickenpox, 359* 
desquamative 359 
leftupperlobe 358* 
regional or local, 357* 
right middle lobe 358* 
rubella complicated by 360 
whooping cougb and 359* 
lipoid 366-367* 
lobar 341-354 355* 
left lobe 353* 

left lobe lower 349-351* 354* 
left lobe upper 345 349* 
mulaple 351 354*-355* 
nghtlobe lower 345 346*-34d' 
352* 

nghtlobe middle 343-345* 
nghtlobe upper 342*-344* 353* 
milk allergy 363 
mixed type 341 
Innewbom 1459 
plasma cell, 366-368 
Pneumocjtftiscarinii 366-368 
pulmonary artery sling and 487* 
Qfevercomphcaiedby 359 
smallpox 359 

thymic atrophy after ui newborn 
446* 

tuberculous 408* 
varicella, 356* 
viral 355* 

respiratorysyncytial 359.360 
Pneumonitis rheumatic 365 366 

PNEUMOPEUCAKDlOCKArmr in 

tuberculosis of myocardium and 
pencardium 531* 

PtfEUMOPEMTONEOCRAPHY I43*t 1435 
Pneumoperitoneum 549 5S2 
gasin scrotum and 550* 
generahzed free in newborn, 550* 
Innewbom 1481* 
skinfold simulating 1588* 
Pneumothorax 340* 397-398 
bilateial I4SS* 
after tracheotomy tube 398* 
cystic fibrosis of pancreas and 362*- 
363* 

right, 1463* 

skinfold simulating 1455* 
supenmpositionsTesembling 259* 
tension 397* 

transitory Innewbom 399* 
Pneumovacina. 1527* 


PoisovtNe 

chemical, pubnonary reactions to 
370 371 
lead 

radiograptoc changes after 973* 
underconstnetion after 9^ 
vitamin A 1244-1247 
vitamuiC 1248-1249 
vitaimnD 1247-1248 
PoEiosrvxiJTts 

fat ty replacement and str^ipmg of 
muscles after 872* 
femoral cupping after 968* 
muscularcaJcificanon after 657 
overconstnction of radius and ulna 
after 968* 

pescavus after paralytic 1191* 
POLIOSCTELOSIS CONCENITAl. ANTERIOR, 
868 

knee and patella in, 869* 
POLVCYSnCKIDNEV 214* 77S*-776* 
1566-1569 

POLTCyTHEMIA 92*-93* 

secondary dueioheart disease 92- 
93 

vera 92 
lungs In 360 

PoLTPACTTLY In CUivVan Creveld 
syndrome 1015* 

POLTP(S} 
in colon 709* 
intracardiac 532 
calcifying 534* 
laryngeal andaieteciasis 237* 
tnsfgmotd 710* 
urethra 790 
Polyposis 708-714 
colon 710* 
m siblings 708* 
duodenum 672* 
fecal massessunulaong 710* 
Iniesone small 672 673 
hp byperpIgmeniatiOD and. 673* 
rectal 710* 
sigmoid 710* 

POKPES DISEASE 481 482* 
PONSCLIOHA 191* 

PoNTICUlUS POSTICUS 240* 

Ponttail" as artifact, 1578* 
POPLITEALCTST 1336* 

PoBCNCEPMAtT 203* 

after ventnculograpby 165* 
PoBTOCRAPKT traDSumbibcal 1408 
PoSITTVEPRESSUREVENTIUSnON In 
respiratory distress syudnime 
1448* 

POSTARBEST LINES 971 
PoSTCCWaCTECTOMT STNDBOHE 537 
PoSTOPEBAtlVE CHANCES OP HEART (iPP 

Heart, postoperabve changes) 
PosiPEBicARmtrrosrT sthdrome. 529 
S37 

PoTASsiuMDEPLETlON causingUeus 
658* 

PCmXB S FACIES 1439* 1540* 
Precocious furebTT andfaamaxtoma. 

189* ___ 

Prednisone inoephrosU extremities 
after 1311* 

Prematubitt 

cortical tluckeiiing of 960-961 
femurs 961* 
diffuse thickening in, 960* 
eiilerocobtisand,iiecH>tizing 1519* 


hamartoma and renal, 1562* 
metaphysiQsln syphilitic 1206* 
Mikity WiJ son syndrome and 1450* 
rickets and 1229 

Prepyloric LEVEL transverse fillin g 
defect at 614* 

Prepyloric MEMBRANE congenita] 
mcomplete 614* 

Proctitis ulceranve 701* 

Progeria, 1 07 J - 1 072 
Pboptosis Dibit 1432* 

Prostate rectoprostauc fistula. 1526* 
Protein elevation causing 
hydrocephalus 184* 
Proteinosis pulmonary alveolar 380 
Protrusioacetaboli 749 750 
Prune belly (see Eagle-Barrett 

syndrome) 

Pseudarthrosis 

congenital 

earlyprlmaryfibrous lesion 993* 
tibia,993* 
femur 090* 

Pseudoackondroplasu 1006-1007 
Pseudocoarctatioh 491 
Pseuisocyst 

in meconium ileus 1507 1508* 
pancreas 571* 
traumade 1320 
Psevuoempktsou chronic 
obimietlve 337-336 
PSEUMFBACTURES 1568* 
ofpbalanges 696* 
PsEVDoiaiLMAPMiODinsK female 
817* 

PSEUt^HnSCHSPRUNG S DISEASE 
15)8* 

PSEUDORYPOPABATHVBOtSlSM 1323 
extremities in, 1306 
PszuDOPOLYPosis in ulcerative coliQS 
699* 700* 

PsEUl>OStXER£)«A.e5S 654 
PSEUDOrBUNCUSAaTEHlOSUS 520 521* 

Pseudotumor 

cerebri, 183 

ventnculograpby in, 163* 
sigmoid fecal impaction causing 
713* 

PuBEBTT precocious andbamartoma, 
189* 

Pubic bones 

in bladder exstrophy 731* 
cyst, aneurysmal 1261* 
osteochondrosis 746* 
osteolysis 1274* 
retarded ossification of 724* 
PULMONABT VALVE 
absence 523* 524 
stenosis (teeStenosis pulmonary) 
PuLKDNART VEINS (irf Veins 
pulmonary) 

PuLMONABT VESSELS (lee VesscIs 
pulmonary) 

anaphylactoid 669 
thrombocytopenic 1210* 

Ptabthbosis ofhip 1165* 

Ptelectasis 767* 

Pyzlocbaphv 

In aganghonosis 1512* 1517* 
cystic kidney innewbom 1401* 
excret ory 767* 
in gasme duplication. 1494* 
Inhamanomafetalrenal 1410* 
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in hydronephrosis 1545* 1549* 
intravenous 
artifactln 1584* 
bladder neck obstruction in 
nevfbom 1542’ 
of genital tract 822 
in hamartorna renal 1562* 
of hymen Imperforate 833* 
multlcystic kidney 1568* 
innewbom 1542-1544 
screenmg Innewbom 1570 
teratoma cystic ovarian 834* 
Wolman 8 disease 1561* 
of kidney laceration 799* 
in lymphosarcoma 1430* 
leiiograde 7S7* 

in diverticulum of ureter mpyuna 
779* 

in kidney dysplasia 1566* 
in thrombosis renal vein 1545* 
1558* 

splenic cyst 1428’ 
staple from comic book as artifact m 
1583* 

in teratoma sacrococcygeal 1403* 
mureterocele 1S43* 
unnaryinfecuonsand 803* 
venaeavalobstnicuon 1414* 
PYZLONEPKRITtS 800 
chronic 801-804 
bladder exstrophy and 802* 
calyceal deformities in 804* 
renal changes in 802 ’ 
PYXNODY80STD9I8 1066 
Pyle 8 DISEASE 1066-1071 
Fyloxomyotomy 
hemopentoneum after 618* 
incomplete 618’ 

Ptiouvs 

anirum contraction simulating 
itenosls 617* 

obstruction Incomplete 614* 
stenosis (see Stenosis pylonc) 
Pyocinic 
celluhtis 857 
epiphysitis 1199* 
hematogenous osteomyehtls (see 
Osteomyehiis pyogenic 
hematogenous) 
myositis 857 
osteitis 1209* 
ofihum 747* 

Pyoperitoneum 548-549 
Pyopnzumoperitonkum 552 
generahzed free 552* 
meconium 553* 

Pyopneumothorax 398-399 
generalized 399*-400* 
multUoculated 400* 

Pyramids petrous 117 119* 

Pyuria 

cystography m 767* 
diverUculumofureterand 779* 
sacral hypoplasia and 730* 


Q 

Q PEVER pneumonia complicating 359 


R 

Rachiscwsis lumbosacral total, 
RACfUTlc CHEST 255 


morbidchangesin 256* 
RACKinccoxAVARA 749* 

Radiation 

diagnostic 

of chest m newborn 1436 1437 
film cnmping as artifact IS89* 
gastrointestinal obstruction in 
newborn I4'^-1463 
gynecologic discsders amenaUe to 
823 

heart at^arance (see Heart 
radiographic appearance) 
heart conventiona] 463 464*- 


dunng intrauterine transfusion 
1437* 

vertebra normal appearance 
1355-1357 

therapeutic thymus after 455* 
Radioisotope scanning (tee 
Scanning) 

Radium bands 975 
Radius 

absence of congenital 980* 
aplasia 989 

inarthniis rheumatoid 1342* 1344* 
in battered child syndiome 1140* 
bowing prenatal 994* 

In Brachman-de Lange syndrome 
1073* 

contusion infantile 1144 
cyst postfracture 1132* 
uidiaphysius syphUinc 1207* 
dislocanon partial ofhead 109$ 
1102 

tn dwarfism diastrophic 1020* 
tndysplasia 
epiphyseal 1029* 

fibrous 1062* 

in DliS Van Creveld syndrome 1016' 
in erythroblastosis fetalis 1262* 
fractures (tee Fractures radius) 
head osteochondrosis 1177 
m hyperostosis cortical infantile 
1220* 

in byperparalbyroidism 1305* 
hypoplasia 989 

in Insensitivity lo pain, congenital 
1135* 

lymphangioma 1273* 
masstvesequestrationinsitu 1195* 
in melorheostosis 1060* 
meiapbysis 
defect in celUst 902* 
physiologic wavy uregularides In 
903* 

in mucopolysacchandosis 1 1054* 
in Olliers chondromatosis 1024* 
oveiconstncboD after pobomyelitis 


m phenylketonuria 1319* 
inPyle sdisease 1068* 
synostosis 984* 

fracture 123* 744* 
margiBal irregularities 724* 727* 
mlneraluation of 
nregulM audretarded 728* 
Irregular serial changes In 726* 
osteoma. 126* 
in Pyle s disease 1070* 
soap bubble rarefaction of 724* 
strip defect in 727* 

.ARETACTION booe 964-96S 


ReCKUNCHAUSEN NEUROFIBROMATOSIS 
1268-1271 

Rectourethralfisiola 1525* 

1528* 1544* 

Rectum 

aganghonosis (see Aganghonosis 

anomahes 1524-1531 
atresia 681*-684 
fistulas in 683* 

distention enormous afteranal 
atresia surgery 696* 
gas in ureterocele simulating 781* 
hyperplasia, lymphoid 711* 
after intrautenne transfusion, 1479* 
polyposis 710* 

puli through of fecaloid vaginal 
discharge after 833* 
stenosis 681* 682-684 701* 
swallowed air normal distribution, in 
newborn 578* 

Hutch diverticulum and 783* 
trabeculated bladder and 790’ 
urinary tract infection and 1547 
Resfiration fetal 297 
Rcsfibatort 

disease extremities in 1320-1321 
distress in esophageal duplication 
595* 

distress of newborn 1433-1459 
chest film at 4 hours 1463* 
tbestfilmatl2houn 1463* 
differenua] diagnosis 1460 
tachypneatn 1444* 
leratomaand cervical 1441* 
tracheal agenesis in 1442* 
typical chestfilmln 1445* 
distress syndrome 144S-1450 
aJrblockin 1453* 
bronchographyin 1448* 
positive pressure venulatlonin 
1448* 

lung 1448* 
tract 297-304 
infection thymus after 445* 
RestraINinc board asaitlface 1563* 
Rbticuloendotheuosis 1294-2299 
lungs in 362 
of small intestine 673 
Reticulohistiocytoma, 1323 
Reticulosis 93 339* 
cholesterol 94* 
lungs In 382* 
malignant 1290-1292 
mediastinum 441* 
nonhpoid 1295-1296 
proliferaUve 1294-1299 
vertebra in 1393 
Reticulum cell sarcoma (tee 
Sarcoma, reticulum cell) 
Retinoblastoma, 138 1279 
skeleton metastatic 1278* 
Retroperitoneal 
hygroma, 1564-1563 
teratoma, in newborn 1563* 1564 
tumors 1564 

solid lymphangiography in, 1419 
RH INCOMPATIBILITY And 

hemoperitoneuRi 1538* 
Rhabdomyoma ofheart 532 
Rhabdomyosarcoma 
embryonal metastatic 1279 1280*- 
1281* 
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Rhabdomyosarcoma (cent ) 
spine 1396* 

RHEUMATlcfzvTR 524-526 1337 
mitral stenosis and insufficiency and 
526' 

recurrent generalired cardiac 
dilatation in 474* 

Rheumatic pneumonitis and 
PLEURISY 365-366 
Rheumatoid arthritis 1336-1347 
ACTHm vertebra after 1310* 
earlychangesinhands 1341* 
femurin 1340* 1343* 
lungs in 366 
mandible in, 127 128 
monillasia and 599* 
of spine cervical 1390* 1391 
structuralchangeain 1338* 
Rheumatoid disease bony spurs of 
elavicleln 275* 

Rheumatoid 

mucopolysaccharidosis 1057 
Rheumatoid STATE 61 
Rhinitis 101 104* 

Rib 279 285 
anomalies 
congenital 280 
lymphangiomaieus 1422* 
in battered infant 283* 
cervical 241-242 
In exostoses cartilaginous 281* 
fractures in Pierre-Robin syndrome 
283* 

Ingargoylism 282 283* 
in hyperostosis infantile cortical 
281 262,1215* 1220’ 
hypertrophy 284* 
hypoplasia, 280* 
resembling renal scoBe 798* 
lesions after drainage tube 284* 
in leukemia, 285* 
in hpotedculosis 1297* 

In Mediterranean anemia, 282* 
in mucopolysacchandoBis 1 
1051* 

ossification centers 279* 
resection changes after 260* 
innckets 257* 

RiBBINC SCLEROSIS 1066 
SaCKBFf S! iO* 2333 333S> 

> advanced hyperplasDc 1224* 
atrophic 122S* 
heahng 1225* 

osteopetrosis congemca and 1037* 
overcalcificanon in 965* 
underconstnetion in 966* 
hyperparathyroidism and 1305* 
hypoplastic 1225* 
juvenile 1226 1229 
like defomuDes in Jansen s 

metaphyseal dysostosis 1031* 
1033* 

irald early 1222* 
pathogenesis of curvature 
deformluesin 1227* 
prematuntyand 1229 
refractory active 1227* 
renal, 796* 
ribsm 257* 

roentgen findings 1223 1226 
sequelae 1226 

RlCHTMlDDLELOBE SYNDROME of 

lungs 368-369 
Riley Day syndrome 


Koeblei’s disease and, 1166 * 
hingsm 364-365 
Ringconiractions of extremities 
991* 992 

Rosmow-SuvExMAN Sturt! 

DWARPISSt 1081 1082 
Roches Sheldon SYNDROME 1323 
Roentcenocrapht (see Radiation) 
Roundworm inileum 671* 
Rubberband 
as artifact 1576* 

superimposed on panetal bone 225* 
tlblalshaftfracsucedueto 866* 
Rubella 

intrauterine and peripheral 
pulmonary stenosis 502 
pneumoniacompiicating 360 
prenataL cerebral catclficsDan after 
138* 

syndrome neonatal transplacental 

1210 

RuBENSTEINTAYBIDWARnSM. 1076 
1077*-107B* 

Rupture coronary artery by 

epinephrine miecoon 1433* 
Russel diencephalic SYNDROME, 50 

S 

Sacraueation of vertebra. 728* 
Sacrococcygeal teratoma (see 
Teratoma, sacrococcygeal) 
Sacrum 
absence 1541* 

appearance of secondary ossification 
centers tn 718* 
dysmoiphic 1544* 
fracture 744* 
hypoplastic 724* 730* 
osteolysis 1274* 
spina bifida 
occulta, 729* 

vara. In syndrome of multiple 
anomahes 790* 

Sapettp/n Inpbarntx 234* 
SACirTALSiNUS venography 183* 
Sagittal suture 
ossiflcatloncenlerin 11* 
superimposed on occip lal squamosa, 
17* 

syDoslosisof 147* 
premature 40* 43* 
SaLTERANdHaIRIS classificabon of 
cartilage plate injuries 1130* 
SaLTERINJUBT TYFEI 1124* 1140* 
offibula.JI22* 

Sanfiuppo syndrome 

(MUCOPDLVSACCHARinOSIS 3) 

loss 

Sarcoidosis 418 420 1202-1203* 
of diploic space 79 80* 
med asdnnm 419* 

Sarcoma 
Ewing s 1270* 
extremlDeS 1267 1268 
lung metastases in 376* 377* 
pfdyostotlc 1269* 

Hodgkin s 1277 1279 
medutstmal, 1443* 
osteogenic 1251-1252 
extiaskeletal 1252 
Jvxt»ecrtical 1252 
osteoblastic type 1251* 
osteoid type 1252* 


seleronc mulaple 1252 1253 
reuculum cell, 1279 
of pancreas 571* 
tibia, 1278* 

Hilms 252* 

Scalp 

traumatic bleeding into in newborn. 
53 61 

wrinkles mistaken forfractures of 
calvana, 224* 

Scanning 170 172 1547 
A scan (ree A scan) 
brain 171* 
in abscess 197* 
ependymoma. cysDc 188 * 
metastases 187* 

central nervous system 1429 1431 
jnEagle-Bairettsjndrome 1431* 
1546* 

echo B scan in neuroblastoma, 1432* 
heart 1431 
kidney 770 1429 
liver 1429 

in granulomatous disease of 
childhood 1428' 
lusg 

Blbuinin 1424* 

III cardiomegaly 1425* 
in hemoptysis 1426* 

Rfter kerosene Ingesoon, 1426* 
in lymphosarcoma, 1430* 
newborn and 1422 1431 
spleen 1429 

in S-C hemoglobinopathy and 
asplema. 1429* 
technetium in Eagle Barrett 
syndrome 1431* 1546* 
thyroid 1429 
in hypothyroidism 1427* 
in newborn 1423* 

Scaphocephaly 44* 

Scaphoid tarsal 
fPacture 1109* 

stress compression 1167 1169 
Scapula, 273-279 
m battered child syndrome 1140* 
descent failure 277* 278* 
inbypeiostos s 
Infantilecortica] 279* 

(psilateral. 1214* 
in mucopolysacchandosls 1 1052* 
ossification centers 275* 
rhabdomyosarcoma. 1281 * 
sarcoma, Ewings 1269* 
winged 278* 

Schatzki-Cabyrings 583 584 
Scheie b disease 

(mucopolysaccharidosis 5), 

1057 

Scheuermann Schmorl disease. 
1381-1383 

Schmorl type adolescent kyphosis 
1381* 

SCHOENLEIN HzNOCH SYNDROME, 669 

Schuller Christian disease. 94* 382 
Sciatic notches withtclerotlcedges. 

727* 

Scimitar syndrome 507 
Scleroderma lungs in 384 
SclerosisCes) 
bone 965 

calcaneus and 919* 920* 963* 
epiphysis of 1171 
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diaphyseal hereditary multiple 1066 
forearm, 1086* 
humerus 963* 

multiple focal irregular 1178 
Inosteomyelitis 1197* 1198 
in osteopetrosis 1036* 
tarda, 1038* 

patella stress 1174-1176 
phalanges 

ossification centers 1178-1179 
physiologic 899* 

Ribbmg 1066 

insarcoma.osteogenlc 13S2-12S3 
ofsciatic notch edges 727’ 
of spongiosa, 961 - 963 
talus 1171 
tarsal 1170 1171 
scaphoid focal 1167-1169 
tibialepiphyseal stress sclerosis 
intercondylar spines 1176 
ossification center 1176 
tuberous 189* 
cxtrcmitiesm 1317 
kidneyin 811* 
twm symmetncal focal, 39* 
ulna, 90S* 
vertebra. 1388* 
hypotiacausmg 1384* 
■ftetlutnbaipunctute 1376* 
Scoliosis 

appendicitis and 706* 
congenital 13S9' 
anomalies associated with 1338* 
indwarSsm,diastrophie 1019* 
haBitualidiopathie 1383 
hemivertebra and 1362* 
lung hypoplasia and 315* 
sCTUctuialldiopatluc Infanule 13S9 
in syndrome of multiple anomalies 
790* 

ScaoTUH 

gM in, and pneumoperitoneum 850* 
hydrocele meningomyelocele 
simulating 1365* 

SCOBVY 82 
healing 1241* 1242* 
overcalcificanonin 965* 

Infantae 1237-1243 
advanced 1240* 
comer sign 1241* 
metaphyseal clefts In 1241* 
roentgen appearance 1239-1242 
successive changes in 1243* 

osar BELT iNjuwrs 
distraction fracture from 
mechanismof 1375* 
splneln 1374* 
vettebrain lumbar 1374* 
oELLA^TOBCiCA in cramopharyiigioraa. 

SsMiNtiTBous TUBULES dvsgenesis 
1314 ’ 

Sepsis neonatal, adrenal calcification 
after 813* 

Septal DETECT 
aorttcopulmonary 494 495 
arteriography in retrograde left 
brachial, 495 
interatrial. 498* 

high 497 

vei^cular 497-501 1433* 

**^M5*^ aorgical management 

inElsenmengers syndrome 518* 


large SOO* 
small 499* 

spontaneous transformatioD 500' 
spontaneous transformation to 
pulmonajry hypertension 501* 
Septectout rntranspositunof great 
arteries thymus after 450* 
Septostomy balloon atrial in 

transposition of great vessels 511 
Septom pellucidvu 158* 
absenceof 169* 
cyst 157* 

Sesamoids 904* 939 940 
bipartite normal 918* 
fractures (see Fractures sesanmdsl 
Sevebsdisease 1171 
Sex 

chromosomepaiternofXY XO 843* 
variablecomponenisof 823 
Sexualbevelopmemt sequential 
cbangesinanatomyin 826* 
Sexual oifperekiiation 
errors studies utiUredinevaluation 
of 824 
inductors 

primary (genetic) 824 
secondiuy 824 
tertiary 624 825 
normal 824 
Skicbllosis 1289* 

Shock causing pulmonary 
insufficiency 341 
Shoulder 

ttormalstructuresin 1327* 
osstficaDon centers secondary 893* 
pneumography natural 1331* 
Shrewsbury MARK 985 
Shukt 

artenovenous >404 
left ngbt effect of surgical 
managemen >3a 

intransposlnonot great artenes 509* 
Sickle cell 
anemia. 90' 

extremities in 1286 1288 
femurin 1287* 1288* 
fibuialn 1236* 
hand in. 1289* 
humerus in 1287 1288 
osteitis and 1269 
lecbnetiumscanin 1429* 
vnlebraln 1393 

hemoglobnopalhy lechnenumscan 
in 1429* 

SicMorP 
cobtls 701* 

fecalimpacocmin 713* 

normal fiffing of intestinal glands in 


polypin 710* 
polyposis 710* 
stenosis 701* 
volvulus 680 681 
SiLO-riLLEBS disease 371 372 
Silver HiTBATE siomlatiog meconium 
pentomtis 1575* 

SlLVEB S STWBBWE. 1075-1076 


carotlcocavcnjous fistula, 213 
ethmoid 111 
frontal 110 

majQDaryfsce MaxHIaiy sinuses) 
paranasal (see Paranasal sinuses) 
sagittal venography 183* 


sphenoid 105*, 111 
in submentovertical projecuon 
106* 

sphenoparietal 30*-31* 
venosus defects 497 
Sinusms maxillary 106-110 
Situs 

anomalous 1501* 

inversus complete and dextrocardia. 
480* 

Skeleton 
(See also Bonefs) 
changes in cndocnnopathy 1299- 
1317 

dystrophy lottinsic generaliied 
740-742 

fetal ossification centers in 887* 
maturaQonof 977-978 
accelerauon generalized 977 
acceleranon localized. 977-978 
retardation, in essenti^ coxa plana. 
1150* 

retardation generalized 977 
retardation. localized 978 
pelvic normal 719 
retinoblastoma. 1278' 
rhabdomyosarcoma, embryonal 
metastatic 1280*- 1281* 

SllH 

atrophy follicular 1322 
disease extremiuesin 1322-1325 

SRinroLD 

simulaung pneumopentoneum 
1588* 

simulatingpneumothorax 1455* 

Skull 1-99 
after ACTH 1311* 
madrefiogenital syndrome 84* 
adult, compared with newborn 3* 
anatomy 3 6 
neonatal 3-6 
amfact 1590* 

Incretuilsm 84* 
development, 6-21 
dysplasia 
congemtal 35-56 
fibrous 85-86 
mcndocnne disease 82 
flattemng acquired postural 69-70 
fractures (see Fractures skull) 
granuloma, eosinophilic 94-96 
gtowth,6-21 
hyperostosis 83* 
infections 78-81 
lacunar in newborn 35 37* 
in LettererSiwe disease 1296* 
normal 3-35 
normal Juvenile 
convolutional markings 21 
^gitai markings 21 
diploic markings 21 23 
normal variations 2] 
roentgenogiaphSc appearance of 
21-35 

sutural bones 23,32,35 
sutures 23 32,35 
vascularmarkings 2! 23 
normal, newborn 

anteroposteriorprojection 8* 
lateral projection S* 
posteroanteriorproiection 6* 
normal atsixyears 24* 
convolution^ markings 26* 
normatatthreeyears 25* 
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Sruix (cant ) 
normal at two years 22* 
m osteosclerosis 1067* 
benign familial idiopathic 1065* 
traumatic lesions 58-78 
in newborn 58 70 
tumors of 96-96 
vessels 29* 

Slipping ofcapital femoral epiphysis 
1127-1129 

SL-O DWARFISM 1076* 

Smallpox pneumonia 359 
Soap BUBBLE rarefaction of ramus 
and Ischium 724* 

Soft TISSUES 
of arm upper 847* 
of extrenUtles 847-672 
of pelvis normal and abnormal, 718 
719 

penrenal, in longitudinal section 
734* 

SPASTiCTlATFEET Congenital 981- 

986 

Sphenoid bones (see Bane(tl 
sphenoid) 

Sphenoid SINUSES 105* 111 
Insubmentevertlcalprojectioa 106* 
Sphenoparietal SINUSES 30*-31* 
Spina bifida 
cervical 240 

hemlvenebraand Innewbora. 1361* 
occulta, 1365 
sacTid. 729* 

thoraeolumbosacra] 1365* 
vara, sacral In syndrome of mulople 
anomalies 790* 

Spina VENTOSA 1202* 

Spine 

abscess (lee Abscess spine) 
tn achondroplasia, 1003* 1004* 
anomalies 

associated with other congenital 
anomalies 1368 1369 
cervical, congenital 240 243 
lympbanglomatous 1422* 
in battered child syndrome 1141* 
cervicd 237-245 
anomabes congenital, 240-243 
infecQons 244 

kyphosis and neurofibromatosis 
245* 

neoplasms 244-245 
normal mobility 243* 
rheumatoid arthritis of 1390* 

1391 

segmentaQon errors 242 
traumatic lesions 243-244 
cord 219-223 
angioma. 221* 
tumors of 1395-1396 
Inexostosis cartilaginous 1370* 
fracture avulsion 744* 
granuloma, eosinophilic 1393* 
lumbosacral 
double 1367* 

meningomyelocele In newborn, 
1365* 

neuroblastoma, 1394* 1396* 
normal, at 9 months, 739* 
rhabdomyosarcoma, 1396* 
sagittal secaon schematic drawing 
1352* 

inseat beltlnjunes 1374* 
tuberculosis 1388* 


Spinoub process cystic dUata&on 
1261* 

Splaying oflongbones 1066-1071 
Spleen 568 S70 
cyst (see Cystfs) spleen) * 

In cysDc fibrosis 572* 
normal visualuatioR S6S* 
scans 1429 

m S C hemoglobmopatby and 
asplenia, 1429* 

trauma, artenography of 1408* 
in tuberculosis 558* 
venous drainage 626* 
SPLENtniECALY 
esophageal vances in 600* 
hypertensive gastncvancosiciesin 
601* 

SpLENOpokTOCRAPHT in ctrrhosis and 
vances 570* 

Split notochord syndboue 219 
SpONDYLARTHRms 1367 
SpoNDYLtTts tuberculous 1387 1391 
Spondyloepiphyseal DYSPLASIA (see 
Dysplasia, spondyloepiphyseal) 
Spondylolisthesis 737-740 1364* 
lndwarfism.diastTopbic 13^* 
juvenile 
early sbgbt, 738* 
late marked. 738* 
above lumbosacraljunctioa in 
cretinism 740* 

Meyetdmg s classification. 739* 
parr aruculans defect In 738’ 
second degree myelography of 222* 
Sponbyiolysis 
pars aruculans defect in 738* 
at lOyears 739* 

SPONDTEOMETAPirrSEAlDTSOSTOSIS 

1007 

Sponge ofbeadclaropasartifact 
1583* 

SPONCtOSA 

central roentgen appearance of 
878-879 

penpberal roentgen appearance 879 
scleroses of 961 963 
structural changes which cast 
transverse band shadows 972* 
in vertebra thoracic 1352* 
Sporotrichosis pulmonary 420 
Sfottedbones I0S9-I0GI 
SprenCEl s oeformitt 277* 278* 
Squamosa 

frontal fibrousdysplasiaof 85* 
ocapital 30* 115* 
flatlenmgof 45*-46* 

Staghorn CALCULI 795* 
Staphtlococcal infection 
osteitis of femur 1163* 
pneumaioceleaDer 1489* 

Staple from comic book «s artifact, 

1583* 

Steinkann pin migration of 865* 
Stenosis 

after anastomosis in esophageal 

atresia vntb tracheoesophageal 
fistula. 588* 

anus 681*682-684 1530* 
aorac 495-497 
subaortic 496 

subaornc Idiopathic hypertrophic 
496 

tupraralTular 496* 
supravalvular in idiopatbic 


hypercalcemia 49o 
aqueductal 

Arnold Chian malformation and. 
ISO* 

ventnculographyof 175* 176* 
177 

calcaneus and 919* 920* 963* 
colon In adenocarcinoma, 711* 
duodenal and Down s syndrome 
1520* 

mentenns regional, 667* 
esophagus 592*-593* 594* 
gastnc hiatus hernia and 605* 
lownng 583* 
after lye ingestion 597* 
laigeintestine 681-662 
InKennydwarf 1079*-1080* 
meatal 792-793 1552 
In girkcinecystouTethrographyln 
792* 

mitral congenital 508 
In mucopolysaccharidosis I 1051* 
pulmonary 502* 503* 
aiteiy branch 504* 
isolated 501 503 
penpheral and Intrauterine 
rubella, 502 

solitary schematicdrawingsef 
different types 502* 
valvulotomy for thymus after 449* 
veins producing edema S06* 
pyloric infantile hypertrophic 614- 
619 1492-1494 
classic findings in 617* 
hemoperltoDeum aher 
pyloremyoceiny in 618* 
incompletepyloromyoiomyln 618* 
morbid anatomic changes In 615* 
pylonc antrumcontracDon 
simulating 617* 
pyloric canal eloDgatiOA 1ft 616* 
ulcers and channel 618* 
rectuRi 681* 682 684 701* 
sigmoid 701* 
tubaorao 496 
idiopathic hypettzophic 496 
trachea 307* 

Stzrnusl 267-270 
cleft, 269* 
development 270* 
tn dysplasia epiphyseal 1029* 
kyphosis 270* 

ossification patterns at different ages 
268* 

suprasternal bones in adult 268' 
Steroids causing thymic atrophy 
447* 448* 

Stomach 609-626 
(See also Gastrointestinal) 
air In, diagram showing localiracion 
of 1482* 

anatomy normal 608* 609 611 
anomalies congenital. 612 613 
antrum, in granulomatous disease 
620* 

atresia6l3 614 
bezoar food simulating 623* 
cysts 595 
diseases 611-626 
duplication 612* 640* 
complete embedded in gastnc wall 
613* 

fistulous communication wlib 
pancreatic duct. 641 * 
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incomplete 613* 
large Intrathoraac 612* 
pyelography of 1494* 
esophagogastncjuncBon structure 
of 582 

extiagastnc factors 624 -626 
failureofrotation 613 614' 
fundus filling defects in 601* 
herma 

diaphragmatic 619 
hiatus (see Hernla.hiatus gastnc) 
hook “normal 610* 
inflammation 620-621 
ingested materials 622-623* 
masses innewbom 1494-1495 
musculardefects 613 
neoplasms 622 
mnewbom 1492-1495 
obstruction 1492-1494 
obstruction radiographic 
evaluation 1479-1483 
perforations 549* 
innewbom 1493* 1494 
roentgen appearance normal 609 
shift of gaseous and hquid contents 
with position change 611* 
iwallovred air normal distnbuQon In 
newborn S78* 

thoracic partlaJ.298' 604-607 
Thototzastin in aborted fetus 1438* 
vleer 622 

perforated prepylonc S49* 
varices 62$ 626 
eplenoportographyin 570* 
vancosibes is hypertensive 
splenomegaly 601* 
venous drainage 626* 
wall incomplete rupture 1493* 
Stow (see Calculi) 

“STSAICRT BACK SYNDItOSO: 249-250 
480 


compression 

epiphysis of calcaneus 1171 
talusbones 1171 
t^albones 1170-1171 
tarsal scaphoid 1167-1169 
tibia,ptoinmalend 1172-1175* 
deformities 

of epiphyses round bones and 
ineiapbysea 1148 1185 
sltesof 1149* 

effects of electrical potential in bone 
1082 

fractures (see Fractures stress) 
hneiof Park (see Transverse lines of 
Park) 

sclerosis (see under Sclerosis) 

pulmonary artery slmg 

^ran* nirrcT in ramus 727* 
iruBcE Weber STNDROMz 213-214 
calcificabon in 134* 

SmAimpBOCESS 

calcifications physiologic 229 -230 
ossificaoon centers in shaft, 229* 

SPACES anatomy 160- 

Scbclav^ artery (see Artenes 
subclavian) 

SOBDURAIAIR. 163-166 
during pneumoencephalography 


Sulci 160-163 

8ge>dependent differences in 161* 
supeiimpositionof 30* 
SULFATUUA.C1K»S&BOITn<B 1057 
beparatmand 10S5 
SurRACONllTLASPROCESS 910* 
SUPKANAViCULAII, 923* 
SviALixtvnHn 
disordersof 58S-S87 
esopfaageallumendurlng 584* 
nasopharynx after banum study of 
585* 

proUems 1489* 
Sykpathicoblastoma (see 
Neuroblastoma) 
SYMPHALANCtSSt 985* 

Symphysis 1326 
pubis inbladderexsQDphy 731* 
SYNARTtUOSES 1326 
Syncrohdrosis 1326 
cerebellar Towne projection 16* 
ischiopubicCtee Ischiopubic 
synchondrosis) 
metatarsal 914* 
neurocentral 1355* 
normal 34* 
of olecranon 906* 
sphenoid bone 120 
talus 922* 

Synoacttly in Ellis Van Creveld 
syndroine lOla 
Syndesmoses 1326 
Synostosis 
premature 
calvaria. 41* 43 
coronal suture 40* 4~ 
sapiial suture 40* 43* 
radioulnar 984* 
saSKtal suture 147 
Synovitis hip transiiorv 1333*- 
1334 

Synovium inrheunatoidoftbnQs 
1338* 

Syphius 

cranium in 79 80 8) 
infanble 1204 1209 
diagnosis 1208 

diaphysiDSin 1206 1208 1209* 
healing 1208 

metapbjsitisin 1205 1206 

roentgen appearance 1205 
small bones in 1208 
juvenile 1208 1209 
osteiasin 81* 

overcalclficadonand 965* 
panosteibs 1205* 
parietal bone in 80* 
vertriirain 1391 


acmycabwa caidiomegalyand 
pleural effusjon, 475* 

'achypnea trannent, of newbotn. 
1444- 1445 

’alipes eotiwovarus 988 

m dwarfism diastrophic 1019 
ALONAVICWLARCOAIJIIO'I Congenital 

984* 

Aius 922-934 
inflatfoot 1190*-119l* 
fractures stress 1185 
lesions 1184 

ossificaboo center 922 


I double 924* 

I in osteochondrosis dissecans 1185* 

plantar flexion Inflatfoot 987* 

I TOughenmgoFsupenoredge 
! faebbous 924* 

stress compression 1171 
sustentaculum 921* 
synchondrosis 922* 
verbcai congenital 986* 

Tarsal bones 

anatomic variations 918-922 
inflatfoot, 986* 
fractures 1108-1111 
navicular 924 925* 
ossificabon centers in appearance of 
879* 

scaphoid (see Scaphoid tarsal) 
stress compression 1170-1171 
Tarsoepiphysealaclasis 1030* 
Technetium scan 
mEagle-BairetC syndrome 1431* 
1546* 

of S-C hemoglobinopathy and 
asptema 1429* 

Teeth 

dysplasia in EUis Van Creveld 
syndrome 1016* 

eruption and calcificabon sebemabe 
representation 122’ 

10 mucopolysaccharidosis 1 1046* 
TlLANCtECTASiA (tee Ataxia 
islangiKtasia) 
Teleoroentcenocxapky In 
cardio thoracic index 
measurements 472* 

TKmpoeal bones (see Bone(s) 
temporal) 

TEHPOROMANbnuLARjoiNT normal 
123* 

Tendon 

Achilles (see Achilles t'ndon) 
quadriceps lacerauon 1333* 
Teratosia 

eemeal innewborn 1441* 
cranial 137* 
hydronephrosis and 835* 

Iddneyin 611* 
mediastmum 439* 
ovarian, cysuc 834* 
pineal 193* 
retroperitoneal 611 
innewbom 1563* 1564 
sacrococcygeal 
Innewbom 1565* 
pyelographytn 1403* 
testes B43* 

Testes 

in groin, and hypospadias 831* 
in hydrocele 551* 
teratoma 843* 

underfunebon causing skeletal 
changes 1312 

Tetanus vertebral fractures and 

compression deformities due to 
1373* 

Tetany calciunlgluconatefor in 
newborn 863’ 

Tetrab ov Fallot (see Fallot s tetrad) 
Tetralogy or Fallot (.see Fallot s 
tetrad) 

THTEMANN SDISEASE 1178-1179 
diifetentialdlagnosls 1083 
Thigh 

abscess 849* 
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Thigh (cont ) 
edema of 849* 
lipoma of 850* 
penciltn 1573* 

phosphorus bands m bones 721* 
Thorax 247-457 
cardiothoracic index 470 473 
in chondrodystrophy calcificans 
congemta 1010* 
cross-sections o( 304’ 

ID EJlis Van CreveM syndrome 201 7’ 
emphysematous chest 254* 255 
In enchondromatosis 1027* 
external contour 249 257 
external deformities 249 
floor (see Diaphragm) 
funnel chest 250*~253* 
in Hodgkin a disease 435* 
hourglass chest 252-255 
in Marfan s syndrome 254* 
nasogasfnctubelnpJacem 585* 
in newborn 1436-1477 
surgical conditions of 1459-1477 
paralytic chest 252-255 
pathologic changes 305-401 
rachitic chest 255 
morbid changes In 256* 
in rhabdomyosarcoma, embryonal 
1280* 

thoracic stomach partial 295' 
intraeheoesophagealfistula S90' 
wall 258-269 
atrophy 265* 
bones 267-285 
hematoma traumatic 265* 
hypoplasia 264* 
mammanes supenmposed on 
26I*-262* 
normal poscenor 267* 
oonnal retrosternal shadow 263* 
normal shadows of axillary folds 
259* 

soft tissue 258-267 
superimpositions resembling 
pneumothorax 259* 

Thorn isovctoTUMOtt of fibula, 1266* 
Thobotrast in abortedfetus 1436* 
THnoMEOEUBal.lsM portal vein 
calcified In newborn 1536* 
TKROKRoi’HLeBiTis and venous 
insuificiencyinfegx S61 

TasouBosis 

aortic umbilical aortographyin 
1413* 

jaundicedue to 1537* 
renalvein 1558* 1559 
pyelography In 1545* 1558* 
totalbodyopacificationin 1402* 

TUBOMBVS IK VENA CAVA 

urinary tractinfection and 556* 
in Wilms tumor 1416* 

Thumb 

absence of congemcal, 990* 
fractures 1085* 

Thymoma 456* 

Thymus 443-457 
anatomy normal 443 452 
atrophy 445* 

afterpneumonia innewbom 446* 
steroid provoked 447*-448* 
cardiomegalyand 451' 
changes durmg respua tory cycle 
453* 
cysts 456 


after PaSotstetradsurgery 448’ 
fustoB of thymic and cardiac images 
tosuggestcardiomegaly 470’ 
granuloma, eosmophilic 383* 
increase during b^y weight increase 
450* 

inflammations 456 
mediastuisl shadow variations due 
to 452* 

neoplasms 4S6 
normal 454* 
mlateralpiDjecbon 453* 
position vanauons 444* 
after pulmonary stenosis 
valvulotomy 449* 
afteriadiotherapy 4SS* 
afteriespiracoryinfection 445* 
shape vanalions 444* 

sex and 4S2 
varladons ui 444* 
transposmon of great anenes 
after septectomy 450* 
wavesign 454* 

THyaocLos$Ar.DucT courseof 231* 
Timoto 

cartilage calcificauonin 229* 
cyst branchlaldeft 1423* 
disease skull iti 82 
scan (see Scanning thyroid) 
skeletalchangesdueto 1299-1303 
TreiA 

absence 1364* 

inachondroplasia.1000* 1001* 
anatomic vanaiions 
distalend 928-932 
proxlmalend 932 940 
in anemia Cooleys 1263* 
antenor process 
irregular ossification 935* 
sire and eonfiguraooD normal 
variations 935* 
aplasia. 989 

Inarthniis rheumatoid 1340* 

1343* 1344* 

inbaKeredchildsyndrome 1141* 
bowing of prenatrf 995* 996* 997* 
998* 

in bowleg 1169* 
in Brodie s abscess 1197* 

■"bucier handle </efimni(y- 1137’ 
1138’ 

cbondnMastonia benign I2S9* 
cbondroma. 1257* 
incbondiomatosis ODiers 1024* 
contusion of neonatal, 1143* 
cmtlca] defect 936’ 937* 952’ 
benign 950* 

rcv&caJ wall ihlckenlng 934* 
incretmism 1301* 
in disphrsids syphilitic I2(S* 

In dysplasia 
epiphyseal 1029* 
fibrous 993* 1265* 
m Ellis Van Cievdd syndrome 1016* 
epiphysis 

inleiTondytaisptnes stress 
fracture and sclerosis 11% 
ossificaaoncenter stress sclerosis 
of 1176 
exostosis 938* 
cartilagmous 1023* 
fibn)ma.iunH>ssifytng 1266* 
fibromatosis 1275* 


fractures (see Fractures nbia) 

growth 

with advancing age 885* 
progressive stages m 880* 
hemangiomatosis 1271* 
in hyperostosis cortical InfantiJe 
1219* 

hypoplasia 939 1364* 
in hypothyroidism 1301* 
inknockknee 1190* 
laceration of cartilage plate 1111 
1112* 1115* 

longitudinal section of 875* 
malleolus of 928* 929* 933* 
metaphyseal defect 938* 
multtloculated defects 954* 
neuroblastoma 1253* 
neurofibromatosis of 1270* 

antenor surface shadow of 93S* 
normal fibular 930* 
in Osgood SeWatterlesion.lJ68*- 
1170* 

ossificationcenters 933* 
deformity 869* 
osteochOD^DSis 746* 
in osteodystrophy fibrosa 1061* 
in osteogenesis Imperfecta 1039* 
1043* 

osteoma, osteoid 1262* 1263* 
in osteomyelitis 1193* 
in osteopetrosis 1036* 
tnexalosu 1309* 

In panarthntis hemophilic 1295* 
proximal end SBess compression 
1172 1175* 

pseudanhrosis congenital 993* 

In Pyles disease 1066* 
rarefaction of intercondylar spine 
939* 

mnckets 1225* 1227* 

I inrubellasyndrome 1210* 

I larcoma 

' Ewing s 1269* 
osteogemc 1253* 
reuculumcell 1278* 
sclerosis (see Sclerosis Bblal 
epiphyseal) 
in scurvy 1241* 1242* 
shaft 

consaicOmr fai/aee 663’ 
cordcaJ defect in 934’ 

Bansverse lines of park, 969* 
tenon of mortise of 930* 
transverse bne of Park in 
incomplete 97o* 
in tuberculous epipbyslus 1200* 

In tuberculous metaphysius 1200* 
tunnels through corned wall 931* 
in Turner's syndrome 1314* 
uadercalcificaticin In celiac disease 
964* 

vara Blounts 1172-1175* 
in vilamlnApolsonlng 1247* 

TiZTZE 8 SYNDROME 285 
Tissues (see Soft tissues) 

Toddlers FRACTune I119*-I120* 

Toe 

amputation incomplete congenital 
992* 

fractures false 913* 915* 
great, 913* 

frontalprojecdon 913* 914* 
ossification cenlfr* 915* 
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ossificaaon centers 917* 
inRubenstein Taybl dwarfism 
1077*- 1078* 

Tomography artifactsln 1588 1589' 
Toncwi in orodigitofacial syndrome 
1316* 

ToNsos palatini: 
enlarged 232* 233* 
hypertrophic 227* 
obstructive 232* 

Torticollis muscular 230 

Torus fractuiies (see Fractures torus) 

TOTALROOTOPACmCATrON In 

newborn 1399-1403 
Towne projection 
cerebellar synchtmdrosis 16* 
m mastoiditis 117* 
Tosoflasmiccncephautis 136*, 

137* 

calcification m 135* 

ThACBEA 235-237 
agenesis 1442* 
anomabes congenital. 305 
in aortic arcb anomalies 1471 
calcification 308* 
compression, 1470- 1477 
defects due to aorta, 485* 
by ectopic artenea 308* 
in innominate arteiy eompressioa 
1473 1476* 

narrow comparison with 
tracheomalacia. 1440* 
normal, 297 1471* 
pathologwchanges 305-308 
In pulmonary artery anomalies 
1471-14T7 
stenosis 307* 

TlACirCALBRONCflUS 307* 
IhACHBOBILURT FISTULA 566* 
TBACRgOBEOKCiUALBAANCHBS 299* 
Tbacrbobroncicomegaly 305-307* 
T^chboesof RACIAL FISTULA (see 
Fistula tracheoesophageal) 
TRAcfaccKAPRY of aortic arch 485* 
Trackeokalacia comparison with 
narrow trachea. 1440* 
Trackeotosiy mediastinal 
emphysema after 432* 
TaAMpotiNE INJURY disk spacc loss 
after 1376* 

Transfusion iNTRAUTiaiiNE 
effects of 1478* 
radiography durmg 1437* 
rectum after 1479* 
Transo-Lumination 1547 
Transplantation heart, changes 
after 536* 537 
Transposition 

of great artenes (see Artenes great, 
transposition) 

cf great vesseistseeVessels great, 
transposition) 

Transverse lines of diminishes 
DENSITY 976 

Transverse lines of Park 
969-972 

generation of 971* 
3-dimensionaIviewof 970* 

Trauma 

arteriography and 1407-1408 
in avulsion of ossification centers 
1170 

camlageplate (see Cartilage plate 
injuries) 


cortica] thickemiigs 1129-1131 
cuppingofmetaphyses 1129 1131* 
disks 1376-1377 
electrical to bone 1082 
hematoma 

of duodenal wall 660* 
of thoracic waO 265' 
hemibypoplasia, cerebral 206* 
InhipanbnDs 1339* 
hlpdislocatlmidueto 734* 
intestuial obstruction due lo €61 
Jointcbangesdueto 1332-1333 
kidney 798-600 
lungs 339-340 
mmyositisossificans 859 860 
in Osgood Schlaiterlesion 1168*- 
1170* 

parent inf anttrauma syndrome 
1132-1148 

pseudocyscof pancreas 1320 
pulmonary uisufiSciency due to 341 
spine cervical 243-244 
spleen, arteriography of 1408* 
splemc cyst after 569* 
vertebnt 1372-1384 
TrLacrerColUNS UANDtRULAR 
FACIAL DFSOSroSIS 48 49 
TRRVORS DISEASE 1030* 

Triad syndrome (see Eagle- Barren 
syndrome) 

TRiAhCULARis fusloo With luRate 900* 
Triceps MUSCLE defect u bead of 
867* 

Trichobezoar 623* 
aneiRia and €24* 

Trichoxkjnophalanceal syndrome 
]OI 3*-10I4 
faciesln 1013* 
phalanges in 1013* 

Trjcusfidvalve 528 
atresia 515* 516 
disease combined with mitral 
disease 525* 

Ebsteinsanomaly 518 520 
Triconalcvsis 784 
Tkiconocephaly so 52 
tsinewbonuSl* 

Trisomy 
13-15 1315 

boIopiuseDcepbalyand alobar 
207* 

16 18 1314-1315 
autosomal 1314 
P 1315 
E 1314-1315 
Trochanter offemur 
avulsion 1126* 1170* 
fracture 1126* 
fragineniation 1170* 
notinal Irregularities in density 957 
Trochlea, 907* 

ossification center 906* 

TBuncus arteriosus 520 521* 
calvanain 93* 

Tuber ciNERXVM 188* 

hamartoma of 189* ^ 

Tuberculoma cerebral 134 
TUBEBCULOaiS 
abscessin 

abdominal wall 546* 
paraspmal 1389* 
bone in, 1199- 12(B 
calcification in 
lymphcode 230* 


pulmonary 408*,410* 
pulmonary BCG vaccine and 418 
419* 

calvanain 79* 
ileocecal,670* 
mtestme small 670 
jomts 1336-1337 
bverin 558* 
lymphnodes 230' 
myocardium 

pneumopencardiography In 531 
pericardium in 529 531* 
pleura, 412* 
pneumomaand 408* 
pulmonary primary 402-418 
anatonuc changes m 402-406 
atelectasis in 403* 
atelectasis m obstructive 413* 
bronchial lesions in 404' 
in broncWal wall 403* 
bronchiectasis in. compensatory 
413* 

broncbogemc spread 416* 
calcification in (see calcification in 
above) 

diagnostic value of roentgen ezam 
416 

emphysemaio obstructive 413* 
entryportal 402 

extrapulmonary primary foci 4 16 
healing patterns in 410* 
hematogenous spread 417-418 
hypertrophy of lymph nodes and 
mediastinum in 409* 
lateral projectionln valueof 
41S*-416* 

local comphcadons 416-417 
lymph nodes in 419* 
lymphogenic spread 405* 
pleurisy and 4ll* 
primary focus position of 402 
primary tuberculous complex 402 
primary tuberculous complex 
schematic drawings of 
components of 405* 
primary tuberculous complex. 

schematic representation, 4Q3* 
roentgen appearance 406-416 
spine I38S* 
spleen in 538* 
minary 8W 
vertebra 1333* 1389* 

TUBEaCULOUS 

arthritis 1337 
Jouitsin 1202 
diaphyntis 1201* 1202 
enteritis 670* 
epiphysiDs 1200* 

lymphnodes caJcifymg S76*-S77* 
metaphysitis 1200* 
osteids ofUchium 747* 
spondybds 1387-1391 
Tuberous sclerosis (see Sclerosis 
tuberous) 

Tubular RONES (leeBonefs) tubular) 
Tubulafion 966 969 
TumoraLCalcinosis 1346*-I347* 
Tuhobs 

abdomen, solid venacavography 
1413 

adrenal (leeAdrenalfs) tumors) 

of extremities (ire of extremidet 
below) 
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Tumors (cont ) 

foreign body 1267 
gianteell 1265-1266 
brain calvariain 148* 
bronchi 314 

Burtons jrandjbJein 126-127 
cerebellum 139* 
cranium 149-150 188-196 
esophagus cervical 234 235 
of extremities 
bone 1249-1279 
mahgnantnonoseeogemc 1267- 
1279 

neural 1268 
of soft tissues 650-851 
fibula thorn Induced 1266* 
genital tract 833 835 
gemtaiia S05-612 
secondary 811 
gemtounnary 805 812 
mucosal epithelial eil 
secondary 811 
heart 532 

humerus giant cell 1265* 
Intestine small 673 
intracraiual 188-196 
joints 1348 

kidney mnewbom 1561-1563 
liver artenogTaphyin,l407 
lung 374-378 

malignant (see tpecij^c types) 
mandible 125-126 
mediastinum 434-443 
rose 101 

pharynx 234-23S 
pleura 399 401 
retropenconeal 1564 
solid lymphangiography In 1419 
skull 96 98 
spine 

cervical 244-245 
cord 1395 1396 
■tomach 622 
subtentorial 139* 
thymus 456 

unnary tract (see genitourinary 
above} 

vertebra, 1395 1396 
Wilms (see Wilms tumor) 

Turner a stndroke 
skeletalcbangesdueta 2312-1314 
oMaui 1314* 


U 

channel and pylonc stenosis 618* 
duodenal 621* 622 
esophagus 603-604 606* 
gastric 622 

perforated prepylonc 549* 
pepnc 621* 

Ulcerative colitis (see Cohos 
ulcerative) 

Ulcerative PROCTITIS 701* 

Ulna 

in achondroplasia lOOO'-lOOl* 
inaithnos rbeumatoid 1342* 1344* 
cartilage of 903* 
in chondromatosis 
external 1022* 

Olliers 1024* 
contusion infanule 1144* 
cyst aneurysmal 1259* 


mdiaphysltis syphilitic 1207* 
duneba 989-991 

In Eliis- Van CrepcU syndrome 1018 ' 
In erythroblastosis fetalis 1262* 
fractures (see Fractures ulna) 
Othypmstesis cortical lafanttle 
1214* 1216* 1220* 
Inhypeiparathycindism 13(»* 
in insensitivity to pam congemiaJ 
1135* 

lymphangioma 1273* 
in mefwbeostosis 1060* 
metaphysis Physiologic wavy 
irregularities In. 903’ 
in mucopolysaccharidosis I 1054* 
nutrient canal in 878* 905* 
osteoma osteoid 1263* 
inosteomyehtis 1193’ 
overcoDstnctlon after pobomyetins 

in phenyttetonuna. 1319* 
inPylesdisease 1068* 
sarcoma Esvtngs 1269* 
sclerosis 90S* 
synostosis 964* 

InvnanunApoisoiung I24s* 
Ultbasouno 
In hydronephrosis 1546* 
newboroand 1431 
unnary tract 770 
In Wilms tumor 1546* 

UsaCLICAL 

angiography 1408-1413 1547 
aortography (see Aortography 
umbilical) 

oRenovenous fistula. 1410-1412 
catheiemanon, safety of 1412-1413 
lesions S43-S4S 
transection obstetric 1440* 
vein injections 1408 
Utaaicus butrying belly button. 

1412* 

U NStRCAECinCATtON 
focal 965-966 
generahted 964 965 
UkderconsTRICtion 966*-967 
UNDCRCaOWTH 
generalized 976 
localized 977 
Urachus 

anomalies cotigcaltal 782 
cyst, 782* 
patency of 782* 

Uremia (ungsln 370 

anatomy normal, 756 

anomabes congenital. 777-782 
dilatatxsi 

in Hutch divemculum, 763* 
InpostenoruietAralv^res 791* 
diveraculum inpyuria, 779* 
duphcations of 778* 
diverriculutnlike 779* 

“wilted flower’ appearance In. 

779* 

ectcpialnvaadefmaa 780* 
fibTOTis 789 

jet phenomenon’* Id urography and 
764* 

obstruction. 788-789 
in syndrome of multiple anomalies 
771* 

shadowinexcietoTyuiography 798* 
urography of excretory 758* 


Ureterectasis 767* 789 
Ureteritis 804 
cystica 804 
Ureterocele 1551 
ascites and mnewbom J550* 
ectopic 1550* 
diagram of 780* 
simulating gas m rectum 781* 
pyelographym 1545* 
Ureteropelvic junction 
I ndentation at deep localized, 788* 
obstruction at 785-788 
Ureteropelvic obstruction 1544* 
1568* 

Btonecausing 797* 
total body opacification In m 
newborn 1402* 
Ureterostomy teratoma and 
hydronephrosis 835* 
Hreterovesicular junction 
diagram of 756* 

Urethra 

anatomy normal. 756- 757 
anomalies congenital. 784 785 
distension in meatal stenosis 792* 
diveiticulura 784* 
mnewbom 1553* 
duplication 784* 

normal mucosal folds m male 791* 
obliterations congemcal 790 
obstTueUon.784* 790-793 
aotenor 1552 
mnewbom. J551-1554 
orifice at base of phallus and 
hypospadias 831* 
polyps 790 

TKloureihral fistula 1525* 1528* 

valves 1551-1552 
pneumomediastinum and 1553* 
posterior 783* 790 1551-1552 
1568* 

variations in, normal, 757* 
Urethrocraphy 
retrograde Lucaya lechnjc 769* 
voiding 765* 

m abdominal muscle congenital 
absence 794* 

diverticulum of urethra, 784* 
erectlateralpositlonfor 765* 
oormal 765* 

inposteriorurethralvalves 791* 
Urinartcalculi 795 798 
Urinary iNEEcnoNS 600-803 
serial studies in 803* 
UUNARTOasTRUCnON 785 793 
at diifeTenl levels roentgen 
appearance 785-793 
schematic representation of 
obstructions 786* 
at ureteropel vie junction, 785-788 
UaiNARTTRACT 753-812 
anatomy normal 753 757 
anomabes congenital, 770 785 
aortography 7^-770 
dilatation, and abdominal wall 
hypoplasia, 544 

fetal radiographic visualization, 

1539 1542 
Infection 

refluxand 1547-1548 
vena caval thrombus and 556* 
in newborn, 1539-1570 
obstruction 
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prenatal 1566 

schematic representation 786* 
roentgen appearance normal 757- 
770 

tumors (see Tumors gemtounnary) 
ultrasound 770 
Urinary TUBERCULOSIS 804 
Urine transportof 759-760 
Urogenital sinus m female 

pseudohermaphroditism 817* 
Urography 1542 
excretory 
of abdomen 542* 
m abdominal muscle congenital 
absence 794* 

calyceal diverticulum 777* 
colhmatoTin 762* 
indivemculutnlike duphcation of 
ureter 779* 

Hu tch diverticulum of bladder 
783* 

jet phenomenon during 764* 
hquids aftercontrast matenal 763* 
normal 7S8*-766 
in prone position 764* 
after renal laceration surgery 799* 
stoneinrenalpelvis 797* 

In supine position 764* 
ureteral ectopiain vas deferens 
780* 

ureteral shadow 798* 
intravenous reaction to 765* 
retrograde 768-769 
UROPATirr neurogenic In syndrome of 
multiple anomalies 790* 
UrORADIOLOGIC PROCEDURES Ul 
newborn 1S42-1S47 
Urticaria 

pigmentosa. 1324* 132S 
after urography 765* 

Uvula a»alpro;ectionslmulating 
pharyngeal foreign body 157S* 

V 

Vacina 

cloth and dnnkmg straw m 832* 
construction in bladder exstrophy 
843* 

cnlargementduetoestrogen 1556* 
fecaloid discharge after pull through 
ofrectura 838* 

foreign body cystourethographyof 
822* 

giant, 1527* 1556* 
marble in 832* 

menstrual absorbent image 719* 
obstruction 1556-1557 
Vaginitis 832 833 
VAGINOCRAPHy 822-823 
demonstranng cloth and dnnkuig 
straw 832* 

in female pseudohermaphroditism 
817* 

Valves 

aortic (see Aomc valve) 

Ileocecal (see Ileocecal valve) 
mitral (see Mitral valve) 
muldplelesions 528 
pulmonary (see Pulmonary valve) 
tricuspid (see Tncuspid valve) 
urethral (see Urethra valves) 
Valvulotomy inpulmonaiystenosis 
thymus after 449* 


Varicella pueumoRia 356* 

Varices 
esophageal 600 
splenoponographyln S70* 
gastric 625-626 
spleniqionographyin S70* 
Varicosities 

in foot andphlebcdiths 862' 
gastric in hypertensive 
splenomegaly 601* 

Vasdeperens ureteral ectopia in 780* 
Vastus iNTEBMEnius fibrosisof8S9 
Veins 

anomalies total anomalous venous 
return 1456* 
azygos archof 426-428 
brain anomalies 212-213 
diploic 28* 
space 27* 
spider 27* 
emissary 115* 
esophagus 626* 
ofGalen aneurysm 215 216 
insufficiency in legs 861 
portal 

gas in in liver SS7* 
preduodenal andmidgut 
malrotation 650* 
(hromboembobsm in newborn 
1536* 
pulmonary 

anomalies (see Anomalies 
pulmonary venous return) 
common atresia 506 
stenostscausuig edema 506* 
renal(see Thrombosis renal vein) 
spleen 626* 
stellate 27* 
stomach 626* 
umbilical injections 1408 
Vena CAVA 

anomalies benign 1413 1418 
tn ganglioneuroma. 1416* 
inferior 

convergence with aorta m asplenia, 
481 

thrombus of (see Thrombus in vena 
cava) 

leftsupenoc and anomalous 

pulmonary venous return 506 
obstniction pyelography in. 1414* 
Venacavocrafkv 
gangUoneuroblastoma, l41S* 
inferior in newborn 1413 1419 
Venography 

hemangioma, hepatic l409* 
sagittal sums 183* 
umbilical 1408-1410 
Ventilation positive pressure In 
respiratory distress syndrome 
1448* 

Vehtricles 

anomalies angiocardiography of 
1425* 

atnoventncular canal 499* 
brain (see Brain ventricles) 
left 

dilatation 479 
diverdculum 509 
hypeTtropby 479 

puncture cbotoldplexuslnjurydue 

to 166* 

^ubieoutlet 501 516 518 


fistulous communication vnth 
coronary sinus 493* 
septal defects (see Septal defect 
ventricular) 
single 520 
hypoxiadueto 1384* 
Ventriculography 
InCanavansspongy degeneration 
185* 

contrast 166-167 
papilloma, choroid plexus 192* 
porencephaly after 165' 
inpseudotumorcerebri 183* 
instenosis aqoeductal 175* 176*- 
177 

Vertebra 1349-1396 
m achondroplasia, 1369 
after A(mi in rheumatoid arthritis 
1310' 

anatomy normal 1351-1352 
m anemia, 1393 

anomalies congenital 1358-1369 
bodies 

butterfly deformity 1363* 
compression deformities due to 
tetanus 1373* 
poronalcleft 1362 1364* 
defects at L-3 L-4andL-5 1363’ 
destruction of L-3 and L-A after 
hlgbchaJrfall 1382* 
hypoplasia 1356* 
cervic^ 

developmental components 238*- 
839* 

hypoplasia and fusion of 242* 
sixth elongationofiubercle 244* 
In chondrodystrophy calciflcans 
congemta, 1010* 
column 443 1349-1396 
in Cushing s syndrome 1392-1393 
cysts 1395 
aneurysmal, 1260* 
development normal 1352-1355 
developmental errors 
mcbondnfication stage 1360* 

In ossification stage 1360* 
diseases mvolving 1337-1396 
disks (see Disks) 
dislocaOons 1372 
in dysplasia 
epiphyseal 1029* 
systemic 1369-1371 
endocnnedisoidersand 1392-1393 
form variations in. 1359 
fractures (lee Fractures vertebra) 
mgargoylism 1371* 
growth 

normal 1352-1355 
traumatic disorders 1377-1384 
in hyperparathyroidism 1393 
In hypothyroidism. 1392* 
in hypovitaininoses 1391 
infectionsand 1387-1391 
LrS separate neural arch in 1364* 
in leukemia. 1393-1395 
lumbar in seat belt Injuries 1374* 
marginal line 1392 
in mucopolysaccharidosis 1369 
1 1051* 1052* 
in neuroblastoma, 1394* 
normal. 1351-1357 
ossification centers 
primary 1353-1354 
secondary ]3S4*-135S 
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Vertebra (cont ) 

In osteogenesis imperfecta, 1370 
1371* 

osteolysis 1274* 
osteoma osteoid 1394* 

In osteopetrosis 1370-1371 
plana Calve 1377-1380 
InC4 1379* 

complete heating of 1380* 
lnD9 1378* 
inT9 1378* 
in Pyle 8 disease 1069* 
reticulosis and 1393 
rhabdomyosarcoma 1281* 
roentgen appearance 1355-1357 
at 1 year 1356* 
at 14 years 1356* 
at birth 1355* 
sacraliration of 728* 
sclerosis (see Sclerosis vertebra) 
in syphilis 1391 
thoracic 
normal 1351* 
spongiosain 1352* 
trauma, 1372- 1384 
tuberculosis 1388* 1389* 
tumors 1395-1396 
Inurticarlaplgmentoaa 1324* 
Verumontanitu hypertrophy 790 
VisiCAi. (see Bladder) 

Vessels 
abdominal 5S6 

adrenal disturbances in newborn 
15S7-1S59 

brain anomalies 212-219 
calcifications In extremities 863 
eersbral Moyamoya disease 217* 
great 

anomalies congenital intrinsic 
4S3-S24 

normal surfaceprojecdon 461* 
great transposinon 509-513 
conected SOI S12-S13 1433* 
corrected angiocardiography in 
512* 

eeptostomyln,ballOonatTlaI 511 
ventricular septal defect and 500* 
kidney disturbances innewbom 
1557-1559 

lesions simulating pulmonary 
disease 1457-1459 
mesentery occlusion 666-667 
omphalomesentenc 543* 
ofpelvic bones normal markings 
721* 


pulmonary 298 
congesdott 479 
engorgement In 
giomeiulonephritis 47S* 
in heart congemtalanomalles 479 
ring 484 1470-1477 
skull 29* 

waterdensitysh^owBcasiby in 
subcutaneous fat 848* 

Viruses 

osteidsdueto 1203-1204 
pneumonia due to 35S* 
respiratory syncytial virus 359- 
360 

VlSCERALLARVAMICIUMS 81 
hvercalaficationln SS9* 
parietal bone In. 81* 

Vitamin 

A poisoning 1244-1247 
C 

poisoning 1248-1249 
vertebra and 1391 
D 

poisoning 1247-1248 
vertebra and 1391 
K 82 

Volvulus 680-681 

cecum 680 

duodenal obstruction due to 
complete 654* 
incomplete 
ileum 650* 

mldguf 647* 649* 1501* 
innewbom 647* 1495-1499 
prenatal 1507 1508* 
sigmoid 680-681 


Waarcenbcrcsstndromb S3 
Water 

density shadows of vessels In 
subcutaneous fat 648* 
pulmonary reactions to 370 
WtRDMC-lfOrrMANNMVORATHV 870* 
871* 

WeTERS MANUIBULARrAClAL 
DTSOSTOSIS 124-125 
Whiffles DISEASE duodenum aod 
jejunum In 634* 

Whooping COUCH and 

bronchopneumonia 359* 

Wilms sarcoma 252* 

Wilms tumob 187* 805*-808 

artertographyof innewbom 1403- 


1404* 1407 
A scan m 1432* 
bdateral 805* 

heart failure and congestive 1404' 
lymphanglographyin 1419 
metastases 
aortography of 1407* 
lung 375* 376* 
prognosis in 807 

renal pelvis form variations ia 806* 
thrombuslnvenacavain 1416* 
total body opacification in in 
newborn 1400* 
ultrasound m 1546* 

WasoNs DISEASE extremities in 
1318-1319 

‘WiLTED-fLOWER APPEARANCE In 
ureteropelviedupllcation 779* 
'Windsock"dmphragm 1500* 

WOLMAN S DISEASE 

adrenal calcification In 815* 
pyelographyln 1561* 
WORMIANBONES 13*-14* 31*. 32* 33* 
ossificafioncenterlo 11* 

Wrist 
in arthritis 

after bacteremia 1011* 
rheumatoid 1344* 
bones 

anatomic vanaoons 898-904 
ossification centers extraand false 
899-904 

round dispantyinmaturation 
889* 

in dysostosis metaphyiaol 1032* 
hemangioma 662* 
lymphangioma 1273* 
inmucopolysacchandoiisl 1048* 
ossification centers secondary 893* 
898-904 

in osteosclerosis 1066* 

Wrynece 230 

X 

Xanthogranuloma juvenile 382 384 
Xanthomatosis 94* 
cutis 1322 
X RAY (tee Radiation) 

XY XO SEX CHROMOSOME PATTERN 

843* 


Zinc chloride necrotizing gastritis 
due to 620* 



